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gsn* i» quflfiitifai. The mssriion is acocijnf>i!shecl ay 
tneansofhomoiogous feccirrtenation. using a DNAsoii- 
Stnjct incJudsio a DNA segrfts.-il O; ths riO'malty siient 
gsr.c- (largssiing DNA") and ihe DMA rsgviatefy cicment 
to. ifidace lrar>sof)»tion. TMe techniqus- e 3)sp iisact to 
hWCS(^ wtpsBSSion characiarisiios of any ^dog- 
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•^a ^ c-'-i" snfon re'ates !p a ptocess x>- ifie noiasaajtef* o" ths oxprsssiort ahsrescteBBtif s of s ge.-i? which 
- 'f£s- 'flthinthegew(3mt)cJas'.abieo9bSp6OTStasdr»r,oof9afl«r" in fre pmiewd ort>bcd..TOf,t She 
or i ^ (.J to procMs ipr tie acta/atmn ord ^sssxgt <sf a §ans that s preeau wishm a stabi® asii 
-I rr fo #fi,ai!fcr of to'' Asafsui the p.a»K« pr>xiiiciijf mis qsns 's ra-o ■--'^ d >ophe- 

o h-o^ .■i:,'^.') - aoelfanoact-vaS3dbyii3erira3n3ppr£>p*».b ^yvafn . gf""- through 

a .^seuBo ?ene can esdr^pji *c>r 9nhar»6cf expressfon fates ««ieu>» mat qa^^ 
and hSb Sjten actwanecf by means of th© presem wen} oo or andogenobaiy oxpfewes prod;,ct 

BACKSFiexJt.a? OF THE iM^^NTi gjj 

^ ii i= we!! kno'<w! ihfsf ceS wimir, an offlsanlisw cwralnsm&s ifis pfosains 

scutntJ wRhifi (hsi organism Ho».«ver. cxiiy 3 veiv Smaft pai^tBige :«i Ih^ js 

sctualfy li-anscf&sd The ir.;rsco!iute mssr^rastrm^*^^ fssuims ths si^ay o( genea to fafi trao^^ fiow uticter- 

slooc L..5!! spscsie pTose.ris present wRftiiv tf,e nucisius i^em m mAi^^m^ smrm^ srs tinHsKJ wih 

'J?^'mT ''"^''''^ tiKMynihesis and attifft^ ej^pfessaan g'thesncoded prisjgjri (Miteh^ aid Tfep; !SciBne^ . 545: 

Th&se DNA regulfifory segtrsefite a' siements forescti jHsaeife up5t«Bmfri»^^ within wweti 

oowismmoftheeoMngregBfts. ! hfoy^«n iRaKai^Viai<««^p|;^:i^x^pn^. b»ft»wt9tofy.s«!9«*«» 
afteei tne abnKy g) rna pciyaieisse, «i8 rate iimigfig awyrr* iri jif^^ eKSrassfen, to gain atcce^ t(i imio&f oS the 
gsrw and syni^*£;is a rnBMA lianscr?!!. Tnus, tiies« ONA se^entisssttttii^ r«si*(ii nuciearpfWeips pi^a crttica! 

Tile DNA regyjatorv segmants are bindsng SilesitSf ;thartBfi»ar:p»saeifi^ 
hsiix snti epparentK, attei structure So rrjjks 'M <mmm^:mmm<» BNA pi^tiisrass tsiSognitiOfS, VNtiteh 
.faciiitMM gens vmxsr.npAxn. Tha exoresaiofi of yisseoaSapsafie rsSijjaKjry «^ be 

tref>8c«B8dv«lhm a cat: ana ths mte ai whicft thss «>:p-«S3kjr; wltcicc«f..:As an i«iea*t):jE*:oJ^!^ 
pidsiaiv csviSs but «ot W6f ceiis sxpr&ss ptUiilaiy proteins, oven^ttwu^ iie gsnss.f*- the pMaty^preietes aio pr^asnt 
mm aii liVfif oe!!a NMciei of the tiver ceils ao not cs^ntsan ine spssSfteoKjA birKling pfoieinfe whfetii iiiteraet wtth me 
KBtnert?* pkuitsry: gi5i>as nasideri! within ths: li*(er:<ie!is; 

C wiieifit M st heds Eraaiotfao tb f xprms Pmietns Ifeiris Ra66rriPi;;aiit DjiiiA Tfehwoiosy 

Wah the kno»:;edgs xns\ Bpscffic DNA rsgyiator>' sequences ar« ffSqyifeci to aciiys* g«R9 Jrsrwsrption within a 
particular ce:i Sype. scisnfiste hav« weeeaci Jorvigr^ ganss vMin.a pafticuiar cell type tinoiitsh gefletis anginssfing. 
in ganardl. ONA regut^ory segmenss that are rwsogsaeS oy !fie ftsC's nuctear proteiris sre pjgceti upstraam fw (he 

ccc!)(ig f<!git>n of s (oi s^'gu gsins to t>« expresses) it: !.h !s way. after Hseilissn irito Shs cell, ioreign DNA ttiay be expssssssJ 
£i;-!oe ih'j eeil-s jiufjJear rggui-awry proteins now rscognao these DNA regvlatory seauenoss. This tschnofejy has been 
ewpioyflci te produce prc.teins that H.ws been *ffKuil !o oatain or purify from r;3i urat soijfcss bv Iraditionaiour^icaticin 

Inaddili'^n iotfi* re<;o5n;28b!c< DtvjA saqusncisK ano ifis gcna iiitsresl. s setrsctaisis .naifer is atiaohsa so (t-s. 
Dm <»r*tuict;on. ;n this way, iiie cells lha; have taker- up tris Df-JA sur/ive fsifowing cuifurs in a ssiscfable 
rnecausv fw exarap-e. the gsne tor neomycin mistaiwa n»y k» Iwlwtetj in tt» axprsssion vector. Foibvssns trans- 
•»o !ec?ipn, cslls srs ceDyrsd in 13418. a neomycin sntibiclic that is isihsi to mammalian ce»6. if however, ffie eej!^ tiav«. 
scqiiisad she neomycin fesisfance gerse, they will ds att>« to wittistanri ih© tCKic effacts of the drag fn this way Wily 
til© eeils that have taken up the »an«f8ct»d C*«A are TOintainsci :n culture .It is und«r»to«3 that any'selBfitatiiaiwatiWr 
ctsitia b« usefi as long as it providad (or ssJection o; eeifs tngs had taKen up the trsrisfscfed DNA, ft is further unctetstood 
toal ihsra is no criiicaiity as so ths spacific iscaiion of :?is )n$«t«0 gweitc mataiial within the ceii it m ot^ impofiaftt 
that it tw tadcftn up sornswhere wSthiR nuciaus as ttoth tte rasufeKsfy seomens and ffiw toraign gene (afW as ifie 
sSSetstoteffiatftafjak'SipsiBrtedt^^ 
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Wfise abovs tectinitjuss have teen !nstfamer,l3: expisiting (tre posver of genstic ensirsflering, they have ml 
always been «ie most ©SioiSfsi metiiods 10 sxpress gartss is aus tc. the iscf !hs! insBriion of DfviA infof hs nycisus 
5 of a celt line (5 issuaiiy 3ct»rnp!ishsd mfougt; a l^ohmcye Known as iransfscitotv DNA that has besn engiaegred toi 
exprss&df! in the csiS ljr.s Of inlefssf is prec(p;ta!ed anP cei! TierKSrana )s $0!uSii«ec io aiiow erttfy of ihs DMA As 
r!rfK;^j:rj-j ajKjve v!-?,! ,=.<£:c; s:i(5 'rto tma CNA .r.f;oipofatss into ifio gertcmra ift neve! pitftaslabis, vwees ifiij DfJA 
rr;-!-' rsn^i.i cn-isuma; : ■> i:-li?^):s\s(i ii; o ihe gemma), Thi« resuRS if> Uie Ur^jffldiGJability of bosn the (evet of axpc^fswn 
o1 5he proje-iri oroducscs and rhs siaBiMy ot the ceS Sne. 
w A second shofSvorr.ing of >histBct-!fi(aiis i& Ine 'sot thauheGOfisJfficiiCT o! fTis s:^pfSS$iori vsotfsr is exi rerneiy o-jfticull 

when the gene of irmcs'. is rsiacvoiy farge (grsaisr than 5-10 kitobasssi tvtar.y o! fts protesis RXDresssod by (scorr:- 
i>inijm D;NA 'SchjioJogy have fiewi er-coam by cDNA; rdihe-f ti-isr; much iarqsr t^anomic ctnpss Tfi;s ■« done to redues; 
Sha wsfdif siza o! the snseri. Wtiiis jfts use oi cD\As fw.^;es aenetic sr^ar.ssfing rn«6 coiiveiiiefii, rstss oJ genn 
Sfatiscfiptiof! anc pratasn iSfoduciion may sii«sr a* a ;esu:r n nas rscontiy Peen shovm thai sxpression isvefs ate 
sctraefjiTiSs greatiy erifismced ■hfcwgh ihts u&e. oi gerwmb" raihsr !h£3r, zOHA insflrts (BfirwSsr et ai.. Proc h;aH_Acad 
Sci, 83:836-840, 1S86, aiiit Chung and P«>rry. M'2L&l..3ieL 9:S07S- 2QSS, 19S9) Aitwjghthe mecf-.a.ii6ma respon- 
Sibis for this oSjaervetiOii af.enol w9l! understood, :Us t^r.cviv. inat in oeitsin sifuatio.-® etihsncsr aiertienls presenSvsfihin 
ifitrpns ;:,sn smpfovsiiiafranscrtpisonai ef'iC!is."!cy o! iTie gsns, Trisre :Si!soev"a*n,':e •-h,-;iniions o'tha spiieingevar.ts 
which resuft Irom trie pressiice o! tnirons. may mvs an eftsct on the R,\A pfisaeSJiiig evsrits which follow the jiiiiaiicjr 

W of uanscnptiet) (Bwehmar. ar.a 8erg, Mpj, Call. 3.-0!,. g 4395-4406 1988j. This may sfBiMliw the tfanscript lhareby 
:ir;i{3,rQving (hs fais mRHA accumuialicn In i.le above cited Bfinste!' ei at paoar, il is aisd oosluia'isd tfiat 8hs pfjsitw 
s! tb® tmrons VBtfiiTi she gens may bs ifnponani tof |*asins of nucic-oson^es reSative to ;h« pfcrnoisf- The <i^fiuenc^ cl 
•«:P!ous f sgufaiory siemaitls on ttansei-ipijon of eL!t<s>-yti!ie aenes s discuissed n Kf.oufi' b! al Cft[(, 33-,3l S-M ( t SS3), 
mnmis. et ai, Mgnee, 236,1287-45 itiJS/t and Muil-r-r s! «S, EH_i_3!;?rtier)\. ITevaSS-M. it^BS) 

as Thirtify. !o aHtn sntry into ths nuitleus the !,:anstectecs ONA, including ine emtre Cidinn rep!c«-> &! the 'omign gens, 

ntiist sravefse tha eytoplasm Joffotmng emry throygft permsaoili^ed fsssitia m&moranK the .'^iil Dunno that time, 
?he ONAfmy Goms in corstacl wtth (ysosomsl ariZyment^-tfiChmay si'si- itir ioinaiateiy destroy ihe integrity of the DMA 
Thus, the aeamgj's^iiai Qf JJw OHA may not oe lasniica! to snatAvhiar; wss trsriBfistitss 

The nwel meawd geoe aottuaaSor) arm/or sxoresswn moEiiffcaf loit itiai wg dssorse iaeiow canno! tasuE « tits 

90 fWKiueiioti of fRuJemt tenrvs o! (tie desifecj pdatsfn, sins» the ecxfing fogoi of ttw desired gene nai subjectsd to 

io summary, a large Bfnaueit of: the DMA transfeetied inio fhs eelt using fiatBtiofiai tfflSfirtiflues, srssi pafSct^ffy** 
coding (egicxt {h!»r$ofi wHt not i^e fsit(ift$i!y insnssM-lbed. it iru^ as a^gr^ieSBd: prior: to emty Moito huGteus, enzymstticsiiiy 
pertufbed so that i? w)!! trot ertcode «e enfiw (feared protew ^r^S rnay not eontaBifatl af the necessaiy wgufetoty 
BegrrtBrits tp aiiow f<s- SfanstesipltMi; li::rriayb9:ina8itBcf intoa;)X(rtiort: o^^ transciiptior!. ff His 

eDNA i« ttwtscftbed, the proteio of siteresi n«s be pr'Sdiiced iiffiesi-iffy due le omiss;^ of tnt'onf, which rhay 
(>ontaih !9nharl«ers OFSfiabte effjctenttjrfWA proesssiflg, Fmaiiy, it may remain apiaofifiai, prorrioSs praten ptoduetton 
but ba Ufista&idflsma eisrflpopiiJaStori grevwif'iroiish ceiidwision. 

U vwtJlcf tie most destf^s to devetop ,a isrtsthod oJtciSaetiOfi ofisene expnesBlcKt :that woutet proaoos a aeii )«« iiist: 

» intxjrpofstati the pcssitivc attr^iites of Ih* exissing mefliotSa ijtfi soffl^w pircuTnvemts the imaftractivs faatuf ss. it 
wouid funrief b« cesiriJBle to &e abte lo axfJrsae w mtxJffy sfioloBanoti® expression of psfflcuiBf genes in the caif tj-pe 
Qi ciioiee: il le turther ciesired: lolis abie toia)ia «dvsfiiase oi the potmtjai benefits Vnsl may be afffvdsd by s empires 
geoemicseqaerKe wfhieh may Ifsetuaecfyptieifsssissiftptianai sfihancer9:tfisl rnsy nssidewnttsin sntrons, by appropriate 
fjiacement :^ inttiorvs for proper nt;e)eosor):te,phasin$t>r,i^ more erfScierrt mRNA proce^eingeventii. Thaee advaniagss 

<*5 ars ortlmaray no) ensai^ irv rosoirisiriant DKA w^preasKsm sTtetntwte due: io 9vs sfee of tfce If one were ab£e tt> 
axpress a pene that is: sitwasly resid^nl »»:the gertome^ >,«.. art eaudoganouis gsjiia, ceil :to9 inability siraJiejcptBss!^ 
fates wesufd itmme more consislsnt and pfBdietabla 

se 

i^etjor^ngiy. ao ipfejeBVOf »t» Pfe^* '«nwt!£Kt tis sfinijfi«e|he:ab(we.fl,ot^di»^ ppipr aft. 

It il^:gfiqi!Kisf objMt er^e )xei^ 
thai ir!isjijroi;afBs flhsi pdsiBwe at»^^^ jjetie: teshrtetogy :but sSfcirowftlB ais ufsatt^ 

a i& afuflhisir p&ject 6f !tT« pf Baefrt inwentii»,tQ;prwiae:a:(^ ^sprssalBg apecifii: ^nas pr^trfisMi iTpfmaSy 
JrarisijfiptlishiijV SSsfti in a oeii iihe oil cst^tte. 

i! is yet s fiitiher object di the pipssehf teiniiW! iopriswicje s msfthodifei- eiiptriaas^ y*iichi takes iu is ati- 

vantage of CistTiplata gencsrsic Bseiusfiess Ifiat fespeiriS&te for trt^iKiA iSECtifntiSat&n a^^ 

it is MiUanother (*jaet cif :thepf:es»ilmV6rrt 




& - Q' i:i!<?.o.- f y r 7jNk -fgutoKMy sagmRPSs arscito! aiiipitfymg segiTigni* into Xi-.o genome oi a siaUis c&ii 
i:ri<: 0' i,iotn.5.j "i.croo;cari3F-i Lr^strss.-. of v/^irKti, or otherwise psosirF^t to the na«ve gsjns of «>tefsst 

K S!:!! i <y!i-e'-ooiec- ;i )f.c cres?^,ii iivfoiioti w provKis a iT(8S>o(i lor mocStying flta ajcpression cfisracSoRsSics 
B o£,-"£! wr.i -r- -a r„,i.jr<-:!y cras-sr-t Ashir thi ger.cne of a aai) Sne t?i cksiad mcrNifearasm antJ at tie ssme 
" \:-,:<j, pyeif cMa^scic- ftici wrii'-i-, w,!' Sit) in the sei^ton of ceiia whfsfi ftsiva ijeon ptcpef^ irajdififitl 

" yef 3F>-,i;!-.sr coject « !Hc prossnt wsrvtion to pnavaJea 9BrK^if tsa(rt!>g ttiefem, prcKlmai to*6 coding fsgion 
jxcij-.a or a is&rio oi inje^rasl s roguiatory w amplifyjrig ssgmsra whic!iftoasf not»«l«railyr af>paartherest 
■■ 'f siivvv- oEjof,! c if.!, f.'o'.smt ir-.vrjmion to pravrcis UNA sorssiraots ttSiich can be ws«d ic acoompiishing tSi« 
h(:))rK-!;o3t.ii.is fisoomoinsSicin metltads of tha present !n<«'srti(0(i. 
?e if ;j a fij^.'^-- ( tji^:-,! a' If le prsssnl invention to pmvieifi cett lirras and mB-owaimferw sstiisti inciucto Sha ganomas 

in accortSanee (mm ttie prssans it>ventton 

"iitsf. =! fj oBjarts a' p'sa^iit iwsntiai a.-e aceomplisfied by nieans me lecjiniqus of honwIosouE 
f':.,);^!;;:- iii.," rjy on? & rif(j(r>flry sxii; .i ^s-s d't csricauie the expression and, prefBtab^jr, ampjiftcation <rf 
■siosnt a ti3.t;'n"£,cr.p!ic.r.u!yGiwi3s-c'i 3/ !hr> ter-'inique one c^') aiso riTotSfjf the expf Bssioa cl^factenslios of 
ii i,'i;C" ij i-;i;!..sl;y f^reann: li 'lo: ieoas,-,-i':;y r, is-ni or men, wShin Bio gsnofne 3 sfabls calf Ime sucfl as, 
fo' sx^.-nfj roko -^-v^ ox|:rf;=>£'cii cr> .rjii or.d' 0 oo'.-.sisibte or irsducitiie, £>r ici ssihance rate oi si^ssfcin. 

I i-'c ,; i^veniraf. i5f..Mci£s .'i -^- whixi of ■TOiifying ifis sxpfessroft snaraciensiics ei a gene wimtn Jte gartesne 
c! ■= a- nT-c--;ip?i^i-.i ^ A SJ^iA consirtjot is inserted inw mas genome tiy t»ie Soshmque of Hcfflc««gou3 rBCom- 

on '.la-' >s ccrsi'-iv ; ,i:; jr5<3<. ;i DN* rot!:;!.iio-v segment r^Kblt- 1« r^ifxiffying Sr^& sxprssi'dn otw.-acteristtcs of any 
2» gaoa to whicn 1; is oparativci.y M.iksci wiinir! tns hos; csli itr>t! or miarGorp-anigm. as woil as a largeting S6gffl6f)t Iwmof- 
cgouo ::j : 'SC. nn 0' qsionc at \'^, >-ri i'- -ieji.'.--^ ;o! Utc DN A i^jg.jiatoty ssgnwr.i lo Ijfs inserioci. 'Tne oonaru&t 
Arc! ■■i^srinr lacfnii-;.-a .s C!<>«^■5l^eJ tu-' ^'oL'.* li^p ntw DMA rept.ut.-. „ fegineftt Wfae ooeratfvefy linked to the gene of 
.ntsresi. TViUS, withcvjl necsssa: i:y inssmna any fiew csdinq exons. the ascpresisidn characteristics Of *i!B gene are 
modif>8Q. :ri tne prsisrrad embocifmeM, (hs gsns is on« wncj-i ;s norrna^iy IranscriptionBSiv silent or inari wSliin fti? hoiil 
*S ca ■ l-r^s o- ctoorgan;t.p^> aid. i)^ rneana cs liie DNA retjUatory ragion, >»ftiei1 is ta,-§e!ad 0ifectly to the SfSSropfiste 
position wsii respect to that gene toy fTbswis oSliorriol!)8Dus;facaiTilJin»^ 
of Hs gfifss produat 

The DNA consfrucl praferabiy iriciudes two targsih-.g seonisnts which, whiie separated frcsm am AmiShw'm the 
cansfrticl by (tese eiefnents to be sisensd into !lia genome sre p^eferabiy contiguous in She nativa pane, 
59 ITie COTStruct lunhe.- arfifarabfy ineiudes a; i«as; one ejtpressibte saiectebis marker gene; sycfi as the gane pro- 

vidSng iisctnyciti resisiancG 7h!S marKsr gene, i!ic:!ijrJ<fig a pro.vwisjf *?isr«tor. is aiso disposed Peiwsien liie iwotargeiing 
regions of file f..snstrueJ 

!n another omhodirrietu, the crjfistruct iticiiKlss sr. expresrsipie amplSatiie gsria in nrtssr to amplitjf expfestaipn of 
the genn of tnteres! This gsns, ineiydr.g a f.w.ois;! 'r.eioto;. is aisq disposed belwssr; ins !wo iai-gsSngfiegrons-oi 
is ine txjnstnittt In some caess the aeiectabio n-^arker a-d tl-;a arnciif:a»:a r;;;jrK«i r-;;:y bs liia 3;3r^e 

it; 3 S'Uftfier ajtltodimenl of the praseni invention, ».<s DNA TOnslruc! inciudss a i-sga;ivij ifj-ac:at)ie marka; gsrse 
which is w! ojcpfoaaad in osiis in which the CNAoans'.-uc; is property ■r!$srled Tins nsgsiive soioKisbifj ri-.&fKflf <)(sm 
i5 aispo£.fif3 oiitsidfi of the twj farywiing regions aoas -obc- terr^oved v.tifin the .•jotis-ruc! ispropsriy combsnod into me 
gene hy iiorjiciiogo'js rffeombt.v3t:tjr,. An exartpte oi such a r>80sti,/a ssiectateirj mgrksr guntj is !^£^ Hsrsst SoDpieii 
-^P Virus EhytYiidifie kinase gone;. 

in yet a further &i*odir;ient, it is possibis to f^Kioify tne -sxprcsgicn ci-iarscierisiics of aspecific oene wiiicii aireacy 
expresisss a product ia li^e cef iine or rtticroornar^isfri oi irileies! "RiiS can bs Bco.-jinDiistifjrJ t>y iristiriirig (>y (toritotoqrjus 
reoorrihiiiaticjTi a OKA. constrsic! tthiah inciudes {1 ) an sxpisssibis aff.pK-isbia .vjorie wiiia"-) incrssjsos !!■.« copy riumtjer 
Of ififi gfene of interesi wiien ths asii line or microorgsniam is stiSjecriecJ io ampiificstion ccncrtions 3r>e,'D' (2) sprorrioter/ 
ephancer siomeni for othsr leguiatory BKimaiitl which snodifies the expression of the gene of intsFest sucn as, for 
^XSiTipie; by incrossincthe ra'6 oi (raiisa'iptsoi^, flcreasing :r3nsia!ior. sHioisnsy, increasisig rrtRNiAacoufnuiation. mak- 
ing the sxpiessiQfi indiicibis. stc The gen-3 £!:<p,-ass!(5n vA^hY; is ,^lo^^ified in this manner mjjyba riatursi ekprtissiwi or 
fixprassion which has been csuff-'jci by pieviOTs psnaisc manipuiation of the co'l Sine or microorganism. The pieviotjs 
ganetic man^ufalics^ n^y hava osa.-! by C'Kiventiona; tBchniqyee or by means of iiotnoiogouis (ecomoinsltor! in 
oa^iffi»'y^^pt^9m:iumilbi\. in the iattsr ■:ase. the Dt»lA insertion wi-iicn tesull$ in »>s modifieatiofi of expression 
(Jharaet8rtist)!M;;may.bK^ fseccnpliehsd as part of llie srsme gonsrtic msnipoiaticn wiiich resuits in expression of ihs gsns 
df iTsay ba f»t!«Tneci as it^suixm^uenn aiap 

Ths present (iryis'itfeift also iria'udes the oonsirtjcts.pfepared in accof'^irrce witti the sbisvs disKussion as wait as 
me asneines-whkSi hsrfe bsan proporiy subjisctedlo Nsitfotogbus recornbii-istlo^ by msaris of svch aonslructs and ttis 
iSBf! iiiieis and ftiksrobi^iitisnte inisfudirvg itisas gsn<»ties. Uosmvit. a procsss tor pfepafaiiCf! ssS ins desired ptodwt 
bjf e«iujf)ng:»& tfept8fc*»e<3 asas 
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BRIEF DBSCRlPTiON QP.tHg_gRAWiMg;g 

F.g t shovre a gengrai otilisie a' a DNA iS3BsiFu« in accoioariee v»!fh the presan; nva^iion. 

Fig^ 2A SH0WS ihe mode flf integration « *;« b(*(V constfud ifito i^^ in event 0} non-h wnoiogous or 

* random recombinaijon, 

Fig. aa shews thfiimesfe of integisation a) eie DhiA eonsjwct 10 tha gancene in Sie avsm «sf Jiomojogots fscoa*)- 

Fig 3 shows tie cahstrocifiift of a jwafanfecf howwogows cecambii]^ \i$^x 'sti aesortJatwe with ttw prasant 

ifivaritmn. 

» Fig 4 show-a tha niods erf saagranof. «5t: s wpBter fsieee of DNA by iTci*!Citbgous fooara&iMion when onfy a siimia 

tagavng pisoe (jf ONA is errsptoyed 

F ig. 5 siiows iha pRSVCAT plasmici irscludlng !hs rasiw.-s.'or; ^nat, IhsFsoi. 
Fig S shows ths eonsirttciiuri 01 ti->0 pl=iSV piasmiB, in^ludiris the rssiriccori sSes !ni3fS0< 
Fig. :7 shows t!-i9 fjSVSr^levO piasmid incl:jfJ:i-!a th« resiricKCsn sites ti-;ef&o1. 
Ftg. Bstiov^s liw conslruciion of iiw pSX'mOQAU pasmkl, int; iudy.y tf.e rastrssion siiss tiiaieof. 
Fig. S siTows the cori&trycltort o! ilia pRSVNEO pasimd, irwh.'d;Rg the resirfr-fics-; sises iherscri. 
Fig. 10 shows she consJrucSion 0: U-,s pRSVCATNFO piasrriid. inducisi^ ;ite f(jsl,-i«ion sias liisreof. 
Fig. 1! shows 3 15.3 kb iragmwl of tiis i« TSHp gsne 3.id showing various resujMion saoriiSfKs iMsrso! 
Fjg .ia si-,owe m constaKSMft ot me pRSVCAri«eoTSHS3 piasmid, inciwftig the lesaiciton sitae thmmt 
a* Fig. ,l3,stw«re*ie,.coftsuu^^ p35V0ATNeOT3HB3.£.Xo3: ftissmio, TCuding me fsstrietiort s.tes thafeof. 

jpf ''C:!^an^i1Sf^tiw Sms S and ij ste sh&wi ffies^S^ tetieriS:: A SjiT^' ^jf^iijigsiiffmgmw shown 

by urdeiilifiiM astensks: 

F13, 15 show^ ths fssufe of Fctyacrylamirie gei sleetrophota^ oi eONA synJheBizsO from .RNA sxtnsMael ittm 
2S variDUBcell popyisiilons and)fir,c«6 TSH^ eOMA, if presam, has txien amplifi«>ci tsy PCS. Tha naiyre of the cails rsp- 

DETAI USO t:^SeH{i=>TiG?j or !^£ ! ^gRHEO EMS^liteietJTS 

30 Hornategpus: iisccrabifiaticn is a tMMi#i' cjewstooed withsi ths nasi taw yssfs for targsting gsnss to ifiduee or 

;pprrecljt!«Uii!ic«s.iriSBnseupiiori3! (igggj). 
■mts: tiachnfejue (rf hornotogoiiiS rscwRbitj was dff/sSs^ed as a rrJShod forintrodycfititVors^rscfic iiiirtaiicr^a into 
spiscifie restesris 01 tSie tr^m^Bi^igeiKWia (Tto«ai6 et at., jCgij, 44;41 9.42S, 1 9S6, Tiiottias anci Cspeoohi, Ce!!^ 5) 
§33^5 i 987; OcietBchmarv et BL^ f^iriaR Nail, Sgl.. SS:8583.^!S#, iSSS) io oorreef: spscifSc muiattens 

l>>rou^ft!s t^riiqiie..a;ftfee9:(jf bNAIh^^ iSasirss toba inserfed ifito!h« gsnarris catibs directed to a spsciftc 
fegiori ol ih».gm'«r'MMaail%aiiwA!iir« largsSing DNA". "Targstiris D(A!i," it DNA that is ccmpiemsrissry (!». 
mi3(qg(SEs)ieaf^ii5n of thBSBr»'r«> PNA; if lwphpflrs^jjpsjs jjj^iBSot^s^^^ DNA <i a ?>ie ta't^'jetins DNA 

and the. g^Of^ij pN A) are in s^e pfcfitimily; ttrey will ftjitwtciizc ib tofiii s KtoaWs Simnde^J helix. Attached 10 tte 
« targetiiss SNA^jhiBPNAseQuwtcsJ^ 

of f«j)!ic«tkxi:of DMA dUfins rnitOBfe bc9(is, 

ThropgfiafJ^dTanismthatisriM inimsaiateSy 
pfibrip Gati dtSasiefi at a k>E^t.rsiiifc(i.6^&t3.(fi(i r^js^ieatiiin ttUSbie, strands of DNA q«y SSsye 

terT^iiate* «n»si whieh tiew sttaiiias of DSIA are syBtheiisi^eii;: iis^^ ^iro fl*e «apiicst!Ofi fofK has »(s bWAeodis !?>: 
ih& S' tp ff tJireEtiw. wh^h; l6 ^ eniym© DNA poiyn-israse ears "misa". This 

w?jfmea!?8*^:to:ii:»ff bepiostoaynjtieeize 
tf?e eqmp!siT«ntary DNA«tra!ief^^ is ei^cjcicl**: in Bis 3' to 5' diredtion. li caofiotiif 

t^tiJn this diri5oiio» By DMA (solytTserass. fi5f*i« StfS«S c« DNAto fatiiicart*^ 
so A speciaiizad enzyrrw, fiNA prirnase. atiaetses .its«rf to tha j to S' strshd t/t am and i^h»aiz«* e st^ PWA 
primer aUnlsfvaisBlp«^gt».BtfS!n?i,U^^ 

primed L>NA and 9yFi*^^7.SB acwn^smBnitBry {lisBS o! ON A in ths 5' tea" (Sifaetisir*, TSs$» pitess of rtawfy ayr-ShssBec 
Di\iA are caiied Olta zaki fiafameriat . Tfw $NA primefs tijat;wafs (SKipOf^feiS feii startlrrg tffe BtiSw. rBsetidh are rsrrwved 
ijy liie excjr<*fesse fui*tiort ot Bie iiWA pa'yrT^tst?,^ jSiKi re^ 

peiymarBSB resches ts^priftsed str^^ d:DNA. tot^l syrimdfc:^^ thus* sfmoogft ma cbfiiv 

plssmsniary iJaiBRtaf sttM i$ .ss^theijixskj overa^^ 

the 5' to 3' diredsturt. Any neks *-iai iTtight odaur hth^ DNA dtjting*e; 'Vi^isfifeijlt^' prc^ wiiyine 
c&ll«»j DMA iigass. 
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To maintain an absaiute ftcisiiiy of ihe DNA axte; a jjcaoireaidkig f «ncti6p is present wShiB {f* BJ^A mUmmt. 

sibev^e, ihis can bs a singis st!ar><J of DNA piimsct «fifh HNA, or a cafppfeme?«W strand ip? 0m, Whefi ifts iSNA 
poiyrrtBfase tinds mismstehsd CQmpiemenaiV pisdessi^ fii^ft^ !f:?ian.a8t ssan wpn^^^ remswa DNA faasss- 

in 8 3' a 6' cJireclion usitH S rsasfles pterf ecil ni^lcftsng agaia 

WSh this Issckgrouad; itis iKow possibie t»u*demland ths basis of iMi^ *sisfil»d he!»:r>. Small pieess 
oi largsiing Df<J A (hai are CDmpSsfiwitaryf to a spseific regpoo (S the gefsofsw ar« pi« in cprrtset wth Ihsparef^ 
duriiigthe SNA rspiicafioo pfooftss. !■ is agenerai pri^rty of DmSiathss besii inserted into a ceii -to hybtidtje and; 
thsfefofB fecaTTiKne wSt-. a%his! pisjiss ot BRA :?nr«>gh srmrsd tiaaisiogi^ fegjc-ns. it this sompismantafy stsarffii- is 
aSfaciifid to an aiigoniiciees lee that cooiairss A fmrnW, or & diffawctt secjginse of t»iA, it: ioo is !r.ccirpciraieci into ttie 
fiswiy svnthssized amnd as a resL'it of fgcis^tiirtatiot). As a f^i? oi tbe proi^maaingfuoeJibn, S is pos^ 
nsw ssflusdce cf DMA to sei-ye as tha isftiiSiafe Tf^uSrltiie trans^eGJSSEsKft isiincDf^ 
ii the sequsncs of a pariicufsf gene is knowii, a friecs of pN.« «»t iB ceirnptemsWSify to a a^tectad re^ieini e^ the 
geiie can bs symn^K-ized or othewss fAtained, sych as by appf curtate («siric!jafs c*!hB^^^ 
ORnition siies bctineiirtg the regior! of jnisfssst. TS» piece wSlacfSS a tataslirsg fa^ 

wii! hybridise to its homoiogous tegion within Sis gsfKime. Itlhis h^ftesiism ocs^^^ duniig £»1A repSsatiOR, ttiis pteee 
of DNiA. and any addiiisnal 5cauance aRasi^sci iliisfato, wW aci as an-dkg^iii^T^a^ be bacHstiaaiisji ihto 
the n«wty syntiiasijed daughie: suand ot DNA, ~ 

in the Mchnique o« pfeseni ifivsntibn. attaehed to threw: pieces of ia^mg D!>4A are ragiona of 0!W tftsJ are 
known to interact with the nsjciear rsgaiatofy psotsinsprefesritwifhin tue r;cli sno. optional^,. amplSabis afiti $ieiii9|a^& 
Df-^A ffiBriiers Ttius. mf> axpressiOf! of spscifie: pttstsins mgy i>e aciiis^'eci not ijy fransfsctian of DNA liiat oneoctes Ihe 
yens itssif and tnarKsr DfsA, g-s !s rnos! ccsrimiK-; . bin ratnar by ?h>r- use of iargatirtg DNA (regions of ficmofogy v/Sii the 
afidogsncsus gene of intsrest) ooapied vfiXh ONA reguiaSorv' segfn«rils !l-!at provitfe the (jsfssi with reeognljafciis sigrtate 
for tiririscripiiori. vvSii Shis tischr-oiogy. i; is possibis !o SKprsss and to anipiify any ocgnaie gsne- prseari! wishin a c«jl 
type without actusiiy tfariSfsdiFtg inat ger^s. in aridiiiof-., the expression of tills gene is contrDited bsf thS entire senomfc 
di^A ratSief ti^ar; pMions of tiie gsns or ffie cDrvA, thus Imprcwstg the rfrte of liarscriqiion ane sSjoisncy of mRf'iA 
proeesBing Furthermofs, the expression cSiafactSJ($tKS<rfany cogii3isgs,ne.presomwltninac9r^^^^^ 
by apprcipf fatf) i;isfjf>:on of DHk reg uiaiary segments and viiithoi.Jt insssltng entire csjding pofifflRSO) tha g»ns Of irttsfsst. 

in aocofOanos with thsss aspects of ti-ie sistarsl invenlitjn tltorc- arc prsividsd new tTisltioda tor exptessing tiormaity: 
IranscriiJtiQnaiiy siierit gsnss of interest, or for modifying the sxprsssior. of flndogsnousSy expreesing genes, of intsiresti 
wl(!-)in a dffieranriBlsd c-slt line. The oogriste gefiomic sstcfusnces Jha! are desired to bs ei^prassstj. or to nave tSeir< 
etfpfsssion mod.^ied. wit! be piovldeti w?;ii £t)e .-teces^ary obI! specie DNA segyencss (regulatory ajiOtot SfTipSificalipn 
B^gma-ai) to ditrse! or iiYi(Sfi>j expression or She gene within ths eei;. T'ne rgsyiting DMA sviii <;o.Tinrise trie DWAaecjiiStloe 
coding for llie dssirsd protein directly irMttS in an 0pera1iv» way to riaiBrologous ('or the cognaw DfvJA S3q:jenc.eS 
fegi:i3t£jryano;''oratr!pir'ica!ir.in asgmenls. A posi!^'8 seiecSaisi© marKer is optionaiiy in.-.-luasa Witilin the construclion \a 
(aoiSitata ihs sceensigof res-atlrjrit =8i(s. T^ia u$e<3f tiisneontj'citt rssKfanee g.jnt- is prefe-rred, aitnoygri anyssisctabie 
marKsf rray be empiwsd isli3g.3!iye saiecl^te iriarkers m.«iy, opti^naiiy, also be employed. Far instance ins Herpes 
SitrpisK Virtis tbyrfitriina i«rase (HSViit.) gferte .rnay y*; used as a mariser ;o select sgains; randoi^ily integrated vector 
PNA. T!n>! Uif^sd DMAs, or existing exprsssfng DMAs cari t-t; amplifirsd ri the t.-i.'gaiing DN.A is Sr-*3d to an ampiifiBbie 
marker 

Theratofii. in ancardsDce Wi'^t Sis t^taihod Ot fiie prcsffnl invfinticn any gene wi^ch is ncirrtraiiy axfJFessacJ wtieri 
present In its specific euivsryotic ceil line, particuisriy a cifi-rrijntialad eel! Isie car, ha forceci to sxprrission in a C8l! iinc 
no! speC'lie tor it wineroin ths gana is in s siisns forrna!. Tnii rjccurs wittioui acii;.3l!y inserting the fui! DNA sequence 
for that gene, tn addition, that gene, or s ncfrrrai!)' exp.-eijsiria gene car; bi3 rsmslitied tot enhanced expression rales. 
FtirtharrrioriS, tf-.s expfsasior! ctsLactgrtstics of g.-^nss -vA totalji/ t>Tjiiscription3lty aiier't can be modified as csn the 
tBfiSraSSSOll CtiatacterBtx.-.5 o\ gurins in .'nic.-norganiLVnts 

in one erriboojnieni of {f--, pr-jser:! mvantion, su.^ai-yotiS iaiis tl.at contain Suf do net nonnaity irariDcribe a spaciSc 
gene of interest are indi^csd to da so ay the isonnitjij^ descritaed herein. Ti^a hc-rriOlogous recorrtbination veciof ds- 
scribed below is inserted into a cionai caii irns and, foitowing crssmtcai selection , is rriotiitoros for produciior; of s spscSie 
gene prodtjr^-! by si-y apprapriate means, such as, tor exanpie; by detection ot m.RNA transcriPsd tram she nsswiy 
actiyaJsij g^n e, immvrtois^icai doteciion of !he specifrc .gene.ptpduct, o.' jttrictionai assay tor the specific g»ns produol, 

ThegeRerslosaMtafttseDSAp^ Sffi!*>*S:WfiomiStCfe 
Sioiis T(Sd(!rabi*t3t|(3R Is fSepifSeicJ Ih f^igufe i . 

!ri gonieisil; Ste DMA construct con^rlses af iesit twoaflci Up to six or nws separate DNA s^arrisnts. The ssgiTsents 
cwsiisi of St iisas! -ona. preferably two, DNA Sarg^hg sggmsiiits (A aitd 8) ttorrologous to a region of 9. s c8li g'tsnorrte 
witiiirt or proKliTtai to tFig gene desirsd ro be expressed, asxasflJirfrsfeleejitsn gene iC), ar; ampliSabte gsrsrs f pj, a rssgative 
selection gene {£) asid a Ot^iA reguiatofy ssgrneni SFy«*iieh tettsrjscnpiiianatly acSive in ths ceil !o bs ifarfsfactsd in 
ihe ritostiiiasie §mbp<ta«fl a! }^^^ 
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(F) rritisf be pESseni, Al! of ih-s . other fegfc.'is ate c>:;:c:;-3: arid pfccjucs sreifeffgct Gbiisifucts. 

Regions A and 8 aw ONA sgq-uenoss which ars nomefagpw to fegioosijSiJie sodogieftcus gsne of imsi'ss! which 
IS to 08 .-nads transcr!piion3!ly aeiii/s. The spacific; regia-s A snd a Ihe esKjogenous gena afs saiecSee so as !o be 
upstfsatT! arid downstream, reapeotlvsiy, ai ihs speeific poti'iori at wf-»cti i! is ciasifsdfeii- tfee reguialOFy aogiT'ORf tato& 
« insfliled AiShciigh shess legiorw sre sepanate<J in ihe constiuo; tiisy era prafsfsbty confi§uoL'£ in ihs etJtiagwicjus: 
gsne: There may occasioris winssrs non-eantiguotis pcrtirjns of 1hs genome a?« utjfesd as targeting asgmentSi fSf 
exampie, wiiar© it is desired So deiete a poniori oS' the gsnorr-s, sych ss •« nsga't'-'s fsgiJiatOi-y eierrieni. 

While i«c tsfgajing legidiis. A ana B. are p-rsfa.'fijd ifi croer ;» itxrsass ifis totai regions of fiof7>3losy BOS (hOs 
increase recombination ©flicisficy. trse process e* ti^e prasen', invsniion aiso ccimpreHencis the usffi of oniy a singis 
;'£> targeting region. !,n iis S!fr,piast ioiw (vwiisn orif »h« n»8u«a<wy 5s^ent FaRd the ssiecfabte markftr gsiie C and 
promoter C ars to be insenedi, a circuisi pis^e of DNA is e;r;pii:iysi3 wiftich coritaine mesa s-ements aforig v/iSii iiia 
isrgtjiing B!s!A {ses Figure 4}, In mis way. ti-is tiomoiogous tegon JS) hybridijers vMi iis genoaw; aountSfjjSrt. Ssgawifs 
0\ C ana F aal inssrtaEi wt}h:n «h« 8 portion of the cc.gn,«!s gene foiiowing tiie croissove- event 

Wiisrt if IS desifet) !of tiie DN-A raguiajor/ seqaancttto De inssitsd upsirsaiTi oi We gens c! inierss;, .=;-i, tor eKsnipia. 
J*^ wtieii it is d!3sire<J to activate and sxpreas « notiM/iiiy transcripsionaiiy siien! g.:f!S tiis reoicn Dfhomoiogy is praterabiy 
hcrno-ogeys to a noo-ootiing portion a! trie g«.-(.cT:.j .jfr.jif.-.am ol sria coding poriions o! the gen« of inieresi, Wneii iwo 
targating rsgiorss are preseril, the downaifc-an^ regior; ;A) rrmy ax-'-Mn s portion of tt;e coding regwn. iaittiouon J is 
prefsffsd that it. too, be Jotaily opsifcarn of cTs coding regiosi it is iupher pr«(errsd ihat li"!;; tortiolaqous rations ije 
chcssen such il-tat ths DNfA r6gijiaior>' sapuenos wiii bo inserted dov<risti-eani cA the nc!t:ve pioinofBi tor tne gone of 
^ initSfeSi, paitici(larly if the native prcrfiGtcsr is a necaiivtj promc-tar f.stlier man s tufriSJO-oJt posi'iva promoter. 

The 6Jie of the targeliha. regions, i.a,. tiie regions of !icrr<ology, ;s not cri'.^cai altriotigh ti>e snorter the rseiions Si-ie 
loss iikeiy lhat ii^sy find the appiopriate regions o.f homo!.^gy ano rf.conibniw -st ;hi! dasired spot. Thus, the sno.ter 
the regicf.5 oS homology, ihs less efjjcisnt ;s \m homologous reEo.niu;r;ij!«n, i.e., the smaiier !i-is psrcantsge of .-sue - 
cessfutiy rscnmbined ebnes ft nas been suggastep thst rlis rnsrisnun^ reqiiiianwi! for sequenoa ho.Tiology ts 25 base 
«s pair.? iAyares et ai, PMAS, iiS^. S3:5t 133-520.'!, 1886). funi-.s-mose if spy ol tiis oiher siainanis of the constnjct aro 
aiso foiihci in !!1g genoma of the hosr csli. tiisre is a pc^sibJiiiy of racombintiiion at the vtixiog place. i-tuwovts>, sn vissv 
fjf ttts excslient pcsiiivs and negative sctecta&iSity of !iia p.feisn5 i-nvsniio;-; , it can tis succsssfuliy practiceti even it im 
StifeiefWy i'j iow The optjfTiijfr. rasuitsaraaohiaved whantt^ total fetfiori o( tioiivoiogy, inoiuoing botii aigming regions 
is iargs, for exarripie OTiS lO ihree iciiC'bases. As king as r&giiiBts!,rs> ,^egrrign; F can bo sipsiralsveiy iinktid icj itis 
g^ne of interest ihe;-e is no iinii!! to the si^e of the targcrting region,, and partici,ila,'iy the up.5tream targeting rsgion B, 

R oan sSsity iije arrspiricaity delennined whaho," or not the targeting regions ai"e too iarssi; ortl;e I'sgtitati^bla sisgms.nt 
F spaeeci tMk^tkrlM^^cxiieipii^'ftSi'^'^'the gsne to be op««i««y iir&ecf theieto in such a case, tins regions A and 
&canibe miJde:hotTK>ipgcus toaditt^ gene of intera.'st and process f>3p>5at«ci tintii the r-3gij;<siai;ie 

seg.'ndrit: F Is propsrty irtSsstoS sO Sis to Iw opotaSivsiy iinksd ic ihs gene oi interest f^or example, tha restriction sits 
?s of .eorabinsti resion A'B of the Stiitossnous gerso eat be cftangeiS ana the procasc fopfstjteP. Or-ca the ooneapt oi sne 
pfSSisirit iijv^Jici^i is kiniiwv, aioi^ wSh :9(iS Isehniquas tSfeeSos^a ons oi o;difi,i3ry si;ii! in this art would be abie 

to fhake, and. use the i»«SMt iftSfsiti(isi' WiJh fSsjaiiiet iis Sriy gwfeii gens i>f ititsfsst in any csi! line or microorpanisin 
*;!jmc>!Jt iisft Of iiridiiiaisiqserirfisnistk^ 

Rsgibn C & 8 |s6sfo«» i»$il««!atjile marRsrgsw: w*ticSii is e^Msfel* i>i rerKlsring (lie trgiisfeclad oeli tins r ssist-ant to 
S RpnTiSfiy tfflXte eriy iroinmsrit, Exairpiss of socfc gwes ate adefiqailrts cisarsiiifws* (ADA), iMtiiirKjgiycositi^e pftospiioi- 
transferass (dso). (jihydrisfoiate rdiiuciiasis (BHFFl), hjijpscs^iycfrtrS-phaj^ftiSnmarts jIHPH), thyrnidiine Kimse {ik). 
xanthjfie^finir^e {jhosphprBjosyaiansfefa*? (ispl), tnifftipie drug rssisiatiwa gwe {MPFir;. ernifhitie decai'ijexyt®? 
{<X5p) srei N-(pbosphon8cmyl)-L-»spai1^^ 

in aiiciitipn to SJS pssitivs issisc!afai83Ti^rkw gma;. .arS|nip 
* St weiisffi a An^tftsf^ gerifis are g»fli©* Bias fsad to m Sxiff^iSS m ocff^tiijrribw vjiw wsto^^*^ 

(iics^y litlfflbw isf is gph ISss! cm tsi 

Htifeed IrtSlwffi QHFa MORi ODC, ADA and CAD. l^e rhamborfi of ihe iiK^iattii'BiSsteii^feift^^ gens group ssid 
I^JCJBeia:*ft ^lm{5liSa6li9^ gan«> gttMjp tnwrtiap s»t!Ta£, iri ifi«is^,: ii^ (irts fisf pseitive seisctidn 

eimj one fsi'iartipiificistiofi.i: sua ^sf* taaiictb^ lissaSofibotfi^ p^^^ isirics frwstGi^liinas wMaShf isndogenisijs 

:*» copiiss tsf: fiwse at^silfiabfe geVtes^mB cistis wilSaJw contlifibris aftGf;disii«ri- 

gufslwigtha: cglSS: mm tfdtJSfsct^iiS D^fA Jtxsrriithdisewhfeh do sot feceivte.fransfecfed DMA eah Wminiit ThtiS; 
m inatBnceS:»*ew an am^^ iBtJssifecl; a poaitivtsftsiBissii^igaiis^v^ soch iw MPH, gpl< nso 

KKi a tRrSfjiite). aheiikS alsis &a iricMeti tftis: pcBiafuct Fiof siarne iappifeaJtons S ma>sb« possibteo.t pistitraKs tc 
(?n?i! the arapiifloiiile iriatitet. Par iftssance, ffisgetsfs of iiiBfeei mssy rsoi n«ed tp-tts ani^SStsd m Ssf-Bxampie; wftsft 
^ iifsnscrtptiiiinaf acttoliprt by the ttstei^fogoua DfstA feguiatofy ssqaissKft fe: S!ifffcisir w*f^ ASsB, Wtie 

homotogoiis rscomijiristtoh stticiwioy i? veiy tevy, it rnay be neeessaiy to laav^ out t^ift atnpi^sbfe 8«i)9 sinoa Ifie wito 
of incOT-hofhologCKss DNA to hijfi-iologoufS ij^A iedirwSiy r«taEe:ciSCi!» t:<a^ etiiaerioy fLstsou. 

^O^SSSi i17:7S9-776, 1867), i? is giSp pffliSiWe eitmiriafe eelis scia^ tfjf 



•^f. -Nr'o.ts "''Sf "^'Y^i^-^'fcl'' Such a gans is m express*^ n ceite 61 «h,ch 

; * ' " '""^'^ f^-"""^^"--* ^«»n,bin8fion, b«t is expmeaeO ,n c&^s in Which DNA 

«"«Sf^"or.. one wohge^B s^ms Herpes S.mp!ex Vir^ thyrnksne 



^ nri'i s w,vBr sinnoontiysot fioc-soiidesafxiis^tetopfioGphoryiate nueieoticfeanatoos 
^-st fe !o phosphor^-teifi if iha HSVJk is assent in (he ms. nucieotide anaiogs such 



thai nofiTiaJ mammt^iian cslis ? ^ ^ 

" - - -.. . ■ s anaiogs such 




' ■•"■^•^^ ■ 'V-ctw CNA jnsws fandomiy 1h6 majority ot Ifio 

., ft,) r.uo..v-.., )f,.o.,r,H ,ag^^„,: ,:3f .,,-„v,.,o9y wh«;h causs jhs )cm of setjumcss outside of liiose wqfens 

.*«o.. ,nu-g,dt,o:~ MOLirss ?A and SB !n Sie eas<j of n«r,.homolog«is feo£^bir,at..xT .F.tv,r» 

r,,^ °' ^■^''''"■-i Th,8a!io«5 .sgion Shs case jfie HSVSkgane, to ir.ser.s-J 

■ s!,t.,cv. cjf.,!; i-., co::0:!><5ns fo! ij.fi w^itwti ssiec£!or pnssan! wifhin Sie eonsJruql Cells vwiroh 

Tif?'.'" . "="^<='>?-'^f- rsco"r,s.iai,o.-i ™ random irtteg.-8(!C!ri wiif sufvSra mis rouiwi of e^iestion 

.".'."t " '""^ P^^-^vr-tov'f -^ieti wfS )uii 3Ji the sails contain the HSWit 

Jr ^^^^ - '^''''S'-^'«<^ ^.a a -andom msenwar, contain the H$Vtk qenaand 

i...i,v,c. .,y d.-.i, «^vls Show ir. svi>:c^ >/sciot :meg,9(9cf by ^omotogaus ?ecofri*,a;ior Mave iost the HSVtit 
'"''^r^ .-i:rr.,^t,o.. .-f .r^iof the cails wfiicftconia^fsndomly ntagraietf DNA, laaving^e 
,v o, >.ia ,u<w....3 ^.-.^.la.-.r..; whi* iraearated via horrwic^us recombiwriion This giealiy SadSatss 
iaen!i!ica(!Of» ot me correct rsocmBinaSion evspt .=j . .1 .. ~ 

,,H-3!^J!*^'^ eiimr.aiec ,f necessary. )t will leqiwe ihsi »»e:«:«5ening stBp be rnow 

. r:c r,nc>-, ,«9r.i ;P) .o-v;a,r;s ths OKA rwji:iatc=.y ie-^ment tnat be usecfte ffiaks lie genB ot intewst transorip- 
t^onai.y «ctp.fl . ns appropriate Dn^A r^gui^^t'..^- ^-ag^^so! i, ,aisc*ed dapancfmq upcn ths sell type to i,e used rfTa 
|^u|ettpfy »es?n«.i pr«.(9<at)!y «saeJ « one wh«ft .sKnow to-promwe «pr«8sien.«*»flj««aM*b<Jitor«ri«atfdt»6» 

hdrmOMand prQlaclin, the p«m«er(6f of thesa g*>h6* can used asDNA requtetow 6t*r«8nt F ir^^e^iod 
in ac»,danc.a w.th «^ present .,vsr>.ior. tf.c r«9.ir„..y 0^ opermivsly ,0 the normai^ ^f^rt^rip- 

A)5p usai5i« Sf8 p,-otniSicuous DMA regulataty ssgmentt Ma work across calf tvpas. such ^% th*. row ssrcoms .'irus 
(RSV) pr(5fR0!&r, As long as ths raguistcwy ssgment stimyfases tran*cr«(!w« ana'nr «pressran -r h« hov-ta to 
SHrnuiatfi «W>«»«tm awilOrsxoressioR. of me gsr,s of Nerest after being inserted into hoM cafi"tir,« so as io 6« 
Wrativefy irted toth* gene of insarasi by !W:S of the p^asetti mentior. « oat. be used in «h« ptasWwwntton- If 

!n!fodw9d :nto^f^9 sequence sipca s.cM an acc.-rren« could «hcr -ending fram* of the pone wftiob is dos,Tk! io^ 
be ejpresaed. Of course, tas ccnar^as nius; be constructed and inserted such ffiat th* rawiatory s..q,T.«ni F is ops.- 
;a«iif^y,ii!>itec(othsganeQjints,-8st, - 

: ■°!!:! fsguiaiory sssHisr.!. ragion F, nesd r,ot be prssent in insusrcgs *■t^sffi is desiret! tc e,,iianc« or atriotity 
h^5«ifrt,ooofa:9so« v»hoh.te.8lroac^ ^fmamg in the e»)i Sr« o! inters;, anhor becauae it nat.reifv «prsss«g 
in aiatceli i^a or b«cgMSo:(h8 CS^l fine t,ss prsvicuEfy h«y its; DNA ma!>!pt;laif,d to Eai;se such rixo'sssion fn such 
ii^noes,. .nsersfon df.an amplifiabla gene, tapion D. prefetabV v«h tt* oositwe seiectabte ««rker gons region C 
««d.OpSonaHy:e)soWtiha na9ati^-e:satsc^a^^^ gsne, rsgior; S, wiil sufeientto morsase the cc:.py r,ijr;b8^ of 

«iE?fl"'^1f t^.S0:r„.=r,, Alt...8i^.iy 3 n.w r.qu Jo^y soom*.; 

..essof! P. if>ho:fentiy prorrxKifts art ineraased (or cths.-wiso modifiadi rwe of transcnpiior, as compe^^d to the eWiw 
rastsafoty^ic^tof mtsgenef^ iftterost, mayb^sinmtetttrthsr eiiiisncs itis trar^scription o) ths rjxisfinq axprs^ssinq 
g^n^ of ifltereat. Ssoit s: tfew.f89vJaiof>r se9n.ertt:^m^^ 0: .nnancert- «hrch mprovra ^ansfriptio;, 

iSffsjiency. ' 

Ptegistisd-O'aftd E^gi-gpr^^ iiaaa todw'e oer^ei if. regions c D ar-d £ resDeciivaiv 

fhsss pfomotere ars tran^rtpticflsSy active in ttte self iiiia chbsen an.:; mny be the S8n4 or dWefett: irom' the pr;rr«ter 
tn teston F used to rfm^lHe smjosoooos gsnst^.iritw^st.^e specific diraclw oi t!w»«««BO soecifisd „ Fig. 1 is 
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trss; r p romoters C O' and E' such (ha; !he pfomaisr s wifi stim'jlate expressiGr. cS their sssoci w wJ genes witnout simui- 
fefisousiy ciisruptitig in any way the axprsssion of the a&ns ci inis^esl o; anv oi ihs other genes oi the consiruot. 

Tha pressm invention may be iiiusiratBri by reterer>ee to 1h« sctivattofi k the rat thyratwiJin t»fa Siibiinit (TSHfi) 
in GH, (ATCC CCL 8a), QHj (ATCC GCL 82.1) or GH^C; cali lines !GH) C5H csii iir-BS are derived ffom a radiafion 
induced pliuiiary lumof iivrats ciesignsted MtT/WS (Taksrnote. Cancej_Re£^ 88:917, 196S) and adsptsci ta grew in' 
cuiturs by Taahjian-sl ai. S pdoerra iogjii S2:342-3S2. T868. These ce« firm may ise Sijiwionad and ecteenisd for their 
aS>!iiy to ptodMC© 9ro» hoimone and TSHB Buot sc.r esning Tfiy o:eiei«bly be by msans ot i^Joniisf n tjfe! ana'ysis 
io cteisrmitie whsJtitfc-f raRNA fof rat growth Rcfmeff* gsrsfj is presani and to esta&Haii thai there is no mRNA far 
Sis TSHp gsris being produced, iha eat; lines friay aisc be siraened isy Southern aiiiaiysis to dmatm^. tftsE mere iS 
ai iesssl ons copy of f!i9 TSHB gene presort! wiBiin ths Bsr.ome; CWly She QH cs«Ji.lS!i*iS th^-pft^cegfos^^ 
and rx)t TSHj3, but t;':iniain B copy' of the TSh|? qsne. ars iJSftd. 

Tha spfir;ific i-ifxnoiogoas recombination «ee:of !cr use in Gii csiis may i>s designed in the fcflowing msfsnsr iTigure 
gj. Rsgiori A fnay conss; of ihs 5' upstream i;nitsf;£!a;ed region of li1« TSH[5 gene deiiried by the f-iiridlll frtjgrrisrtt 
wteefe stretches ffom -74 to -2786 and fsgion B niay oojttair. l^9 DNA ffagment thgt siret^;h£^s fri^rrt tftg -g7g5 liinOiil 
site tosNco; siis approxinsssciy 2.1 Kb (unhet yfj&irsamssdEiseribed By Caff si si (J Siot. Gharo.. 86g:88v^7. 1 9.87) 
ai-id.Graylfi et af'DhJA, S,2SS-3i;'4, 1SSI3). T^•8 positive sai^lion|pne {region C) may baa lOS^ bp Sgill-Sntal fragment 
tierivedirorr! the ptesmM p.SV2fiso (ATCC No. 37,14?) (Soulhesn s\ si, J Mol. Aafj;. Get- , 1.327-34 •), 1 S8£). The nso 
gene niay !>« thriven by !h.c Rous Sarcon-sa Vinis iRSV; pronioisr irsgion C'l wi-itch & dcrivsa fforti the NcJsi-Mindi!) 
fr«gmsnf from ths pissmidpRSVcat (ATCC No 37, '52} (Gorriia:-, SI, PNAS. 7S:S7?7-S78i, 1862). in ihts sjtample, 
no, smpStiabie marker need be used and thus the-f nftss be nc region d' in order to optimiie the effioioncy of the 
hipmotogotfs; f«£ioiT*>ina>!CJriL Tha masncy is nvsi^ufy rfjlatsid to the; prDpodson a? ncrs-fiorr.rjlogcjys to hOToiogoas 
secj^anggs pfBsatH in.lh.a conat ruoi (l.etsot! et ai. Ser.etics. 117 75S-770, 1SS7) Region £. or the nsgmiv-e seiesSson 
gsrse, msy ciws^ oJ itvei HSVtk gene wftii* is a 2 KC Xf!o fragnnent ottsjnec! from tha pissmid {AKSITK piasmfd {Capec- 
c#ir4^i!!s!wg, 3i^:3iia-3SS, 1968). The HSVtk. gene in r.^Bt soristMiot may be dtiven by the poi>/am virus promoter 
9n5S erthancsr itegiari £•) as constttjctefl tjy momas st a! g^. 51 SQS-SIS. 1987} in a second ONA cdnstruot the 
pplyortta promoSer may be t^^faceiS by jlha RSV promoter csscnbsti ^vwe The DMA raguiatcry sequence u»ed to 
w^twte T^.||an«.mSBF'<^. j)#N|.r ^'-R^pftsmtXar «rthfe<K gfovWi nosmone promoier. The m gtowm hcnnono 
ptomotsr e<>.iisi^ tjii the Satd-Ebopi Iragrnettl oasmsd itom the pissmid pHGH237CAT (Lafson si ai, PNAS, S3; 
B^3-S2ST, ISSS). The RSV prbnioser iiias tjsing tjsspls in other ■?M iines se&idas SH ceils, witile 

ft& tSH piottwier Is iiraiwtn.to be.aStiS'ilin- SHt^siisai^ induced (Srerit et a!, J^Bwi^^Ciw;,, 264; 

17^1.82; 1989): The raigioiirth iw^TOWse proiTfOter :a-id Ihs may be inserted 31 ioofition r in rieparate 

fotlowilg irariateiciion of me;abisvft «<>nsih<ashte^ SH eeBte the cefis msy bs grown if-, msdis tnw cc^itiins 
This yytli iaSiijw dniy <^ vstftictj f^we integmfed jJlBBraict DMA ihto the gsinosfts eithsr by homoioaosi* 
f^Cftibinatioh or ranaait SUBgiSlSsri so grew. ths.stitvivirspj eete r«a* be growh irt tinacSa thai contsins gancyoiavi,'. 
The ntajorfty ot the cate 8iat SBiytwettsiiS fousd isil s^l^ijti^irt will bia those in >j*tich fee vscibr plasmid DfJ A is integrBted 
vsa fi(jrrtoSt>gp<ja recp^isb^ "These eSHa fnay tie stfeisieid fc dierr^tjaJiiats fta?^^te^ mRMA which 

GQcre^peKvite So tiie1^H|geF!sarKl(hai^^ 

sfpund tfse isrea of maettionqt tfie hetamfogotispramoiaf td trtsui-iigissE ttiePrajicir .'isworhbiriation svsfit aeeiirfed: 

EMW^UB - Aeti vgtto?! 6j tSH^ Qene in Rat i^ittiiiar^ Ceiis 

Using ftis fdtowing .protijcoliih^Totrojaiti beta sa&m^ (tm^l^sti^ ii^Qf^^ein, vyhilch oorrnaliy does not oestit: m 
ffis; fat CSHa ijSituSa^iie)! line, *ias actiiirafec! in cells ijysrajiis (He ptisriase it* homeilogcios fecornbiinatkin to 
art aps;v<s*ina siij^wt i;parMtn ors^ r^ioa Thiii rteiM SBrcima Vitus: Kwwn is 

tociiidn/i^ietenilyinjSaH^ 

o{,aiolooicai i5^twia<iY: aS3:78ai.73ag <1988))a^ ttmm at iha aeBi^rigelerriedl. A piasrrisa simat 

was poTi^Tuciett »*!oh coRtairtedaie BSV Be!!«at!ng:eten:>ent,.pori(0!is.i3? SVfliw of the TSH^ gsns faciis, 

and a seiectabfe dmg ma.'kw^ pi!*S|ph«far(i8!t«afe;§8f» ^MEO), i(or tha fitaialibn d< transteciesj csli 

popoiatiqns, Ribpftpcfeip sicid (f^A) .was lextfaiitiSd ttprrt ppoted di-ug feisistsn} GH5 ceK popiilaitiEms sFsd cwvaSad to 
asrnp.isnftentaiy ifeistyribw lihe ctsiSAms ihei^is^ by ms tacKri^e: ot jsoiymsfase tshsin 

tsaetion (Pipi^ tor fesi pfesencs CJf TSi^ii cONA Ttta <}Ejf5«t(etipr! srtbe hattoksgtsiis V&ictor*: attd the 

iaSTtfic!) Vaciors: is bafltrtsci bsiow aKjngwsttt the; e!^6ffm60ta^p«KB£jure6 arstS rsawftis: 

PLASMiD COMSTRUCTION Bomdoacauji Reambit;^^^ 



Tfie Rous Sarcoma Virus (RSV) promosst was dei-iWed frorh ttse plastt^i pRSVGi!^ (Comeiis M. Sotroan et srf., 
.PiBReagings lof the Natio n^! A!;y.dentt^ of Scafenige . i^:67?7-67S1 ftB8j)J |Sgiira6) bsi isolsiitJjf fimSfiO 



so 



30 



and gsi puntotioa the wsoiiing fragment vfes agsftedi-^fothe )&ai sftaoi Abacssrlateotorty hart-oring. 

"^^'^ me a^entelior, stem, in%i^feS vs^e dwignated pRSW TN Smihc^lyBcLte pH^ 




nagmem wer^ Xhoi !«terscJ, ctesved wish JOwl r6St?ictto *niymB «5^m^^^^^ resfcufeffieci by SgaS^ Th^ 

^.r^«s plasmri ,s .town ;n fts^,8 s and » pRSWJSO.This !aaJ etoning siep^r^^^ 

bp ^gmsnt im<r, !hs3' snd of the ^^£Ofragm6«t >^f>^^mr^^^^vtomiikm>m<>m^:i^ 

yields a piasmio i« nWiBft ms NEO gene is twwenptionaiy d^ivon by'lha:fa^:'p(^d»9ai 

Next ths fetei 8»a located S' o) tfta RSV pfOfflotet in pHSVCAr 0i9«»«»:5)-.*BB'.c«*«wMtt-»6-*-^ site: This:was 
a.c<>mphsh«tf by dg.sSns pRSVCAf with Nasi, fiftir^g ^ ir^ ends«5ir,g Si^A pofyfflerass 1 lC!*«ow :{ragmsfit a^x) 
^^""'"a en**- T>-« were .aigesterf to oimMamM «M) Sail-arst) *s jSiaswici 

recuculareed tsy :)§fi(K>:, Into the newly ecsistiucted Sail (sfe was -iMsfl tte Sai)'- iragmem from pFigV^SG 
(Jigyre 9) conteaiing tft« SSV p«w«er and «» NEO seoe. A plwrnkJ with the RSV pr««i«r.er«J NEO fMgm«K 
onentsHi as «howi m figure 1 0 was isolated aotf named pRSVCATNHO. This piasnsid whsft tmnsfJKStsa Ms^ePc: 
was ca,p,-3bls of ccnfflff,.g S41 g fssistancs So *cae colls, dsnmsiMn^ t«e abiliiy sf fhs-iPiSVpf(m«aerib!Sfiv|t<Bh,. 
scnption oJlheNSO gene <he abSity <X that RNA to trar,sist3cj intoaiurtcttortal prot^{dala^.:shi3sml 1^ 
RNA from the st^b.s iransisclarits abovs «sa ana!y;'.d by ix-iyrrisrasec^fc taction (PGR) iadslamiine #ie«hsr Ite 
L, AT gene was being transc<fiMd PCR results ahowaa that m s CAT gene v»8 (tKtoed being tfSfiscr il^d in all *se ©4Tg 
resistan! ootooies tested (data not shown). ir!jfeatihg:tha( the RSV promotef S' oi m CAT oene Waac^abts of dtivioo 
iwisciiphm of y gens iocated 3! to il, ThiS:(s lwpertsi! teKa«s«:!lsis RSV prwnotep wiii 66 fesacswibis tor drivins 
»anBcripii.3n o\ the T.'SKP gena whefi the tSHfj: HRy«itior detenbsd b^w irt^ratiss via Sionfebgdus recomttfiattBB 

into !h= Giij, gef-.Orris. .... o.. , ... 



A vector c:apabte of Inieorgimg into the GHj g.;nc-me by homologous recombii-iation was =,'eatsd by !f!a&rtiTO tvip 
stfotdies or the 6' Ranking reewRS o? the itiyfotrop.r. beta suoun* (TSm QBr.B into the uJiique. Sail and HwSli'sSes 
ogWHinsd n pRSVCATNHO (figurs iO>. A rat spisert genomie .sbra--y coritaining inaeits of i S Wohssgs (kte) or arsa'e' 
cloned into isrrJJSia 0A8H was oblainsfi from Straiagsno, Sar- D»gc. CA Using etamJard pm(ic:ote iCmtm Pmoaaie 
^ Iditefel^ op. rS. 1 - 1 ' as. 6. -t . : - S 4. 10) a 1S 3 clcn= o> ih« rai qsnr«,io TSHii ^s/iri^haSKbS? 
seq.uenc8,S-:of th« first exen was isolated. Theis.3 itb fragment consisfac ot r-s-o xbal fraqmsnis. a 10.6 kb-rmamwif 
etoiTssporiding to tha 5' «fid of IfJs 15.3kt) tmgoKmt and a 4 ? piece cor.espondioo to the J rsgion o< ih» 15.3-1* 
ffsgmefiC (Hgurs 1 1 ). Bosh of tntae xbaJ fragmonts were sy yciorisd ir-t-^ pLiCie and ptesmids perttaNng inserts in bo* 
orienlalitins wars isoiated The S 3 kfe Xtei ■ Hmdll! ■■ms^.m conta.ri^c -.r. 4.7 to Xbal fraonienl ftii3yre ii > was 
« pyriti<sd;af}d,!fie XSal sits o; tliiE, -.'.ssgmeni was ccn-vertaa \c, « Hinrjill siis by f-ilmn in ti^e snds witi^ Klanow frag.:^^:! 
arid ligatii^g on Hiridlll iinisgrs. TIlis tragmsn! was iigaied intomewique Mindlil sileconiaifiad i,n pRSVCAWeo iijgure 
10). An isoiajs eoMspPhdlnis to a piaBmid witff the 2: il jtb nseriii the corraotorismstbfi as shown gi fiqaf e ii vtes 
assigried !!W tfamB PBSVCATN50TSHS3. 

Thssijbpiphed 1Q^6 ktjJCbat trsgmsnt trom the wt rsHE ck->ne {figure i f ) waa iscteted widths Xbat ancfs converted 
« to-Sstl .sites by bluot .SrtcShg tie fragment wm DN A polymerase i Klsnc^w fragrr-.ersi and sStac>i(rig Sa-i iinksra Th is f 0 6 
Kb:Sai! ft8giV¥Wt:vra8:tt5^ ctonsd ir^to the Sail aits ot pRSVCATWEOl SHB3 (figurs 12). A plssn-i'ic oortainingawin'ert 
tn the ftOftaet ot-!en(ailm was.KJentiiierJ and named pR.SVCATNsOTSH33'SSbai (figure IS), Tfiis faSiEir piasmrd has 
beeh aeposiled ti-is Ametican Typo Ciftturs Coilestion, Roci^viiis, Ma, arid 1-ias received dapc^itorj,- numbet ATCC 
i<oaaa. For iha purpose o! this d6?!0SiS. the piasriiidwsareimn^^ 
a!!crffhi9!B!?ufrem((ntsof!fW:8ud^ 

?SHjjC8l!s sfs s sobcjonadfiopylation of MT.W5 ivhich was cfenved from g radiation induced nifutfary fcmer in mis 



taihea in cuitijre by 9roy.«h in DwHjiBCCCirs l^ffiiad Eagte's l«edl<ST5 (D!ViEi«5 + tS% hore^^r(KK (HS) - 2 S% ij^i 
bovifia ser^irri (f«SV* f^i^tat^ 
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DNAPRSPARATiON 

LafQa-Scala PrsgaratioB of Pigsmia OWA 

£ Ail pissmias'userf to staiife Sf3r,siectiort£i^fg;pwjffs<Ji>v:aaFigg>s a iysism(rflxfdiwiaroe^9saSe atasmici 

DNApunficaHon as drasrits«d in Cajasljpfotocc fe « i^otecauiai- Siaioav. vo! 1, pp. - ri g, DhiA isoiaiwbylhis 
aikauna lysis method vjas further ,au!if;ad by cfcuBie barajinii in 3 wsiarn chloride gradisni as aiso deseilbad «^ Curw!!! 

. P tatoeofe in blolgeuiar SioitXiv'- vol, 1 pp.- 1 .?.s .-.77 ~- — 

Prior to ffsnsfecjiori. She HR vectors were cigssietl wiih wihef AaSI or Apsi. Spa! was iisstf » Shearee tf,e eoriiroi 
fJlasrrad pRS VCATiv;eoar.8 Aatil io finaarizs !ha H3:pias(™iSpRSVC^TNEOTStrSS.5>!bai. T^e Idcaffcn of the cissvags 
Sites Of Aoai and Astit esn be seen if, Sgufss 10 ahd 13 rsspaeuvssy. men&maat^ mh ths s^sts^m tmUcim 
snziime, tfie reaoion ft'aa p!>amt;Gh!droform «slracisKj, ■■vhioroform oxtraf^ted, ethano; prscipSatsti. atsS washed 
wmi 70% athanot. Tf;!= pissmids were tiisn rssuspEndad m miDs d(ji;5r,i?efj wsier {di^^01 !o a cowertlfSliWi of 1 

a-io/or m raio oi herfioloqoiis recorTi&..ia!;on posilivss !0 thc:,e werg due w rsf)dorri im^fation 

pR.SVG.^rNEQTSHBS-5Xte! was diyestsd v^th Apgi Oigss-oo wilf, Ap^sl cuii st (Mrg* separata- sitss irt 
phSVCATHEOTSHBS-SXbai and ,-e»>ovesi ail regior.s of ths vsntor axcept «-P3e necessary for horretotsous wewnbi- 
natiDn (tigu^a 1 :3), Afto, dsgesicr, wiin Apal, :n.3 rs.=ciiOr. was sisoiPiphciesod «ia a8?& sosfose gal srsd tf le too bsntJ 
corres3c«id(n3 ;o in<3 10.932 bp iragmant eontainiiig the iwti S' tian,k)r,c( regions of tfis TSHp ger,e, ihs RS V pfortMBf. 
2" ■ SEO region and *e T3i-ip 3ana.ac1iv.5!in9 R3V sroinoia.- wss isoiafed frorn ti^e oef bv elsctnaaiufon imo diatyBts' 
mm^. Tiift s!eGt..oelu!ed D^4A wss r<jtt?,«,r purifisi^ by uamg an siutiprninieoiumri {SctsfaBher and Sishoafij wjft !f!6 
manuiactorsfs recommaiKlad safid.=<fd proiosoi The DNA v;a»:aiu?sd fiaw U>0.qautrw,.aftanoi pfwjifsrSatfea^ 
wiifi ?0% ethahoi sua f esuspended to a consenSfation 1 j^/^i j. 

ST,A8l.G traks:=ect;ons 

Gal eiiim Phoaahais Trai-isie ctidn 

:46IWJf3prlor to ttansf*iiia-l3x10«C3H5 ceils foraachdish, lOugoJ, 
30 Vi!SCJ{>r DNA afong mi 30 fi.g of soiiicated saittion aparfh DNA, yviss added to 0 E :i?;!li;iisis (mil cf tranfertiaii bi*'er. 
Tf>c^3ledi<jfv6!jfJar was prgparssd by ccmbiRing 4g iVaCl 0 ISSg Kol. O.OSg NsjiiPO^, 0,5g cfsslrosu, 2,5g HePES 
Sirtd iSH^p tp^finaEvplurris oi 500 inJ Hf.(J bfir.gina Uie p.H io 7.5 31 :;■ c1 2 molar'fM) CiiCl;, was acdsd 10 li^e 0.& .Tji 
of DNA +.{^iisliset)i3ri: bi-'*!ar Sfitj i;or!ej,>!80. Tfiis soiufion was aiwwsd to stand lal rrjom lamporaiure for 45 niinutss. 
tfib DftA -.CaC^ - ifisnstseiicn l5!jft.ar was rasdy. iho G.H, iriedium was rcmDved from the GHj c&ifs and tile DNA 
3S vGaClg - tiaftsSiseticxv buffer was layersd over (hs cells, rhn cisils were jjitowed tc sai^d at icosi t»rnperaiyro SQ 
mir(!ft«s,:Wer SO iriihiilBs, S mi o) GH3 n-.sdiom vfas addad arid thf; pisiss were? ■rieui>3!8tj a! :37'c; ior 6 tiouis. Ths 
e^a:W!3r«. ti>iW. shijokBd by as^^ (he medium ;jfid adding 5 mi tit fresh trjsn^ieciwh bt-tter corilainiHg iS% 

glyci3f{Mi«f 3:5Tftinu$Ss.. Th&.caUs ware- Ftliaeei av wim PSS and rad with 10 m! o( SHj rriodiLirr. 43 hoijfs poal-ltans^ 
fafitton; the m8£Ssim»»»» FSffiroved w^ 

Elccifooofation 

E;lectfc^rai^iBn\i(as(arf«(laut.oainga.8^^ 3 5 r-iiii.-jisfBr (rnrr.) gap slsiiiroees. 1 z 10^ QHj 

delie. s^r*9 iff (09 piiase *Sfeta r^nwvsdfrofTi thsir platgeiby tr^isiriization, peilaissd by csiitrifuyation sr.d wasfied 
once ivSli: P8S; S^js were resaapenderf;:in r;0 mi pi PBS asid transiarred to £ 9 ml Ultra-iJV Cispos.3bie c^jvsttes 
(Atmsrfeari Scieritiifc PseduG^^ cm: ic«.: i6>ia o| p^ilA^was;e^^^ c«iis, nnwee a.^d piacec beck on ics for 5 minuSss. 
Mer 5 wintit-sa fee sieet^dee vvefe pi^tpisd ih me chambet aa^ the caas were ei8Gtropc^,ifid at 8 setting of 750 mi- 
cmams »«h:a £00 votf jjiilSfti Tha euvane wss ihsp raiumed to ics fer 10 rtiirtutes Csii.? ware tiansterrad from ihs 
eu^^sas to 9 ;a^i d! (SMsnrtsdium (WrtJsdnif^^ t% ?$nwi«(n and 1% slroptomyctri at mom temoerstuie in s 15 mi eonicai 
tute an.d;aitav«9ti to sitatK! tor 10 tmHtes, Th* ti^l ejearoporation stt 1 x 10' calis vvas i.-ansfer.sd to ihrsr 10 
piates ^tig epptaitiraateiy 3 x 10« esife pst plate. Artw 48 tiows. fte m., m^&um tontaifiino 400 u^ai 841S was 
added. _ , 

pHSVC ATNEOTSHS3. 5)aj,a: (Asllf Gutj, p:FteVEATNEOT?HB$:5^tiai (Apai cut.) ajxJ pR3VCAT.^^eo (Apai cuts 
piasmitis wef b fe-sostested ifjtoSHs ceils ^ong vriih .a np p«A eonWussig 
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^ ®!scfroporaiiof. pmm m hDU« afteri'ratvsfeomm. m celis mem put ufidof G4lS seiecfen. AWfoxSmately 1 4 to 
,.1 Qsye l8t«f !hs cQlonies ijacanr»e visibte by aye on lhe 10 em sSshss aRd were eoumm in ail e4 no OWA con'rais 
there w8r« novw(bi«><s*)n!i^,d0fnGfis1fafihgtM tMTSssi«tii?n:was:«<y^ ae^acB of s plasmid 

contsmmg itig RSV - fiEQ rssgipp: was isaiassafy jp ccwief S418 rs^i^anoe: At )hia (iw^; iiionies were aioked and 
posted by issiating tegions on lha 10 cm dfeh wSh 1 7 rrtllimst^f Wiiie tSMtog rtrtgs., Thisss iirge dtof^s rings snoom- 
passeo bstvve^n 10 ants 70 s^j;os:dspiBtvdingOTjh6 djsnaSyoif 

irssi moima rsgran so be ramoved and po^ri at thesBme Ita fey ttyp<s«a!idn. TI)S ti!jp*trHied cs^iea iW mcH ring 
wars uansSmaH » 6 we!; jjtetes and afiowsci so grow in SHj n»etite contalnipig GAla ASef msdOiiha 70% to em 
ecr>Sasno8 bu.OOD csiis were SfaosfeirwS ta a 24 we!i piste and iJie r^mairtitig e68« fefy<^i«$efV6d ferfBrtheHostWa 
at a ««er«»i8. Iheoete.*. e^>o24 wap;at*s «ere growri W 
sfisf! irafvsstod from Jhsss 8H3 ceSs by the foilcviifRig proeedtif* 

RhiA (SOLATlOf^^ FROM TRAN:EPBCTED:SH^.eeLLS 6E?di!/W:tN 

TTifiJoltovving ss a modificstion of She pio(t>cot descriijisd by ShdtriiSyftsktsrKi Sacd:ii*ia!,Sioch@Ti„ 1 62-1 Sfe-I SS 
( 1 9B7} . ! he msda covsr ing ths G Ha ceils ifi )hs 24 weii plates::V*ss rfeiriovecJ and Jha esfe: vv^h'^d iiSfi i irii q( PBS 
1 mio<STesofut«fi was' «nd ihs m^-)sm^»-mnmfmm>iil-k» »:fflfeu«*. OTC solution v;;« 
prepared by disaoiviny 2SG g DrguaoWiym WosysneSs (FiiiiiSi in 293 mi cf:.eJr(jO>:E«^:m»n adding lT.e mi oi 0, 7& M 
Na citrate pH 7 C anti 26 4 wio-: !0% safcosyS (i Laiirfisatcpfflfts). Jusi.pfof:to.us'e,.3S0|4i oig^m^ 
sO GTi.: soiytiofi was acidad. Attar 5 minutes at roam .ls,-riporatli-», ItiB T tnl :dt'QTC-c«ti lyisate wa«' iransfeftod t<i a 
Sa^stejat i6 at S snsp-fisp tut^e e<;;i; aining 2 ?ni at GTC soiulton. To aat*: Wb? y*as adtjea aOO jji ioiSiurR sceiiste 
pH 4..0 and '.hs tube vortaxed, f^Jsxt, 3 mi of dHjO satarst«i pfisfioi was adiSsdaExSibe 1iaes:v«fe. vvftexsdagsSi. To 
each su6e was added SCO ni oi cl^ioroforfr.isoamyi alcc!r)c! (49;i; and the lube was siiaMri by hiBid for ?0 seeands 
end placed on iee for IS rriiinites The tuoss warn ifisn csntrittjgsd: to 8 3pri«J: ti^iJ-SB asine 8 ^MS^ 
reyoluSorts psr mir.gi.-s (aPM) tor 20 mnifles as 4'C. The aqueiws eNsft ffssti Ssnst^cft tybe 

coniafrisjig 3 n>! o', leoBrofMmjf ana pfeced at -20°c far 1 tatfi-. Ai«f 4 fraijriteHibsi wars so«n in a ScBva.t ei6-5e 
using a SM24 rctof a? SOOO fprr. for 20 minutes a1 4'C. Tfis supamaisnts Wei-e remcv-ed isr^tJ tfia p«ll«ii«.tssu^odad 
(Ji iS&Ouioi GTC s:f^utio!i The rssiisiJisnsfea Rf-iA ti«nB;«--)ed to a 1.5 mi ftppsfidorf tubeto'w^iiSi'iiSO&iii.of'jB^ 
erdpanoi was added Ths tubes vi'Sre once aaain placed al-;20^:(6r 1 Nof. Ths eppB-,doff tubas «ra,f!S spim tor 5 
minaies in a niKrpSugs and «ie supemalam discarded. The {KKisl wsss. ««shstt wSh 70% atiiami 2 iimas ^ allisiw^ 
!o diy until fti.s atfiaiiol >»3d ci?iTip{et8ly evaporaiotj. Tha peitetiwas nssuspwWedin SOHliaf dtthyl py hbraifccina^ «te^) 
treated wata, and heafiKl to^'C fbr 5 rttipijiiBe. This HNA iwas tfisn ussd to mate (©NA jn iSfift dif 1^^ 
ds$crit)ed tekv*. 



■'* CONA HEACTIONS 



Mgthodi 



Firsl strand cDN.«. itos .5;ym>ia5i?ed !rcm 2 5-6 0 mioroniere. -.f stitsl RNiA iapproximstsiy 0,5-B (iticfogtattis) tn ,'3 
raacticifi voiume of 1 0-20 microliters. The itaai Rna wss obiaijiec sy the axiractot method descnbwJ abcve. arid was 
disri^iursfl lor 5-10 avnitm « 70°C and wieK chilled on ice baitsrf: aditotg ihs fsacBon cdrtiponents^ Tfi-e reaction 
cofitljtions ivera SO miliimciB; (mM) Tris-HCi (pH S.S), iO mM MgC^. 10 mMDTT. e.5 mM-eaeh'Of ciGTP, cSAtR dStP, 
and dlTP (Piiatmsoia!, 4C; mM KCI. 500 units/m! RNasin (Promsga Bfolecfi} 85 Aa.''rril oiigcfcldTJij.,, (Coliabwaiivs 
Rssaare*!, Inc t, arsri S.vOO-Zn.OOO ursiisi'nii ^tolc!"ey mursie ieukamia V;r!:S revsrsffl ti-snscriptase {siitiesfjf! Researoii 
i..ai5(jra«Gri«£} incufasled STT. for 60 minuiss. Tiie rsactiCi-. ivas '.smihaifid by ths sdtitncT, of cDTA to 40 rriM. and 
ttie nticieic acid was pracipiistsc: by adding isodiun^ acetate tc a ccrcsnt.'stior; o: 0 3 M and two voiumes oi sihanoi 
TiiB predpiiats was sf Igwed tc farm at 0"C tor rranutfis atid vms psijeied.isy csnlritugalicsi in a mtcroft/go: at 14,!300 
rpni tor thirty miriuJss. Th-e petefiwas washed witli 70% ih atepp treated water 10 $ 

vo!i*« of i$-g5 rTiicrpiitefS; 



Cor,ditior-,s tor first strand syntl-^sis o5 cONA from WeiS adspled (r&rn Caro! A. Bfefift&r et ai. BipT&ctintgues, 
Vol 7. i^o.-lO, pp. 1095.1103(1969), 1 jiioi total RNA ircm Tha RNA prep procedure describtjd above waraSdsd to 
S jil !st rsaction bum in a Q. S ml eppendcrf tubs. The reacEicn ijutfe? osnsjsSed rjf 200 ur-.its ot Moioney murine leukemia 
virus fiaverse trgnscriptsso (MMLVRT Bethasda F=iS£es;3!Cti Lats], and a tinsi concent'stiori Di tiis toilowing rsaasrifS' 
70 rnMt mna pH S.S, 40 BiiW XCi, D.1% TritOT X-tCiO, 1 tnM pt each dMTP. 4 m.iwi Sfl'SCi^, and 0.4SO0gs9 twits:©? 
tsnetorii hexamsfs (PharjsiaEiaii, After mi*hgi iiie tobss wens ittwljatod at room teri^srattti^s (tjf 10; ijtiritrtes aid men 
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Placed at 42= c tor 4 Rcur. Aim 1 feoiif ihe wtws were heaied io SCO for 1 minute so d^k^ivaJs thfr WitjV^^^ 
cec>i®<J to room terr^efaiuis; 

•Vfm foliowmg primefa wsfo used sfrrplify, by pCj= . T3^:«p^ synti^e.sfead from RNA trsMcripts pfoducad fjy 



Pigisie 14 siiows ifie tegicns of aiB TSHi* gene ta^hfchiisaet', pjjffisf coiraspondS; 

PGR REACTION COfsiDiTiONS 



Ali PCB -csciions -mm performas in She Sricomp Twinbiock (heimnir/cier, !! PGri amiSitfteaJion was to be run or! 
cONA m&aa Sy nlefiiod 2. 40 fi! ct( adcsi'-riM; ; f!a=-Jof; mix -A-as dirsr;!ty acdcd to ihe 10 ni of ihs ftDf^i A reaction bringing 
the total vofisma up to 50 ^i. Th« finai .3o^^can!,^a^l9n5 oi rsageots in tfis ajyi vussre 70 mM TrtS.HCfsM S.S. 40 sriM KCt. 
0 !% Triton X- IOC, ^85 wiils Taqodymaea*^ fPNifmacia). OiS mfcromcfer ((iM^^^ 20Q uM each dNTP 

andOaiiiMMgCij, 

i1 PGR was io be perfarrracion oONA made by rpeshod 1 above, S So 10 ^il rjl rhe fssuspended cDMA wss acidad 
10 41) SO 46 f;! contasni.ig finaj coicoi-trsiltais 6i itie leltowifig 70 Tris.HG! pH S,8< 40 iriM ,KSi, 0.1%, Triton X'lOG, 
g;2S unte Tac poiyfrssrase, 0,2 each prmer, £00 iiM e^ich dNl"P, afltiO.S.njM MsK^- 

the resaoiicrii wcis th$ri subiecisjcj 10 t.>)s foitowing PCB cycias. 

"{ nmuie aiSA'C. 
30 ®sci;-ic;s at sa'C. 
8 minutes at 72°C. 



the cycle was repaatast 3C-v<? 40 tiiries. 10 f:i cf each tsaction mix *as tun on a 6% potyaijryiamifSe gsl .and 
sareeiieici ib.' ttva prassiKiB 0< ij S*/ bpi PQB fi^gtrient v*!* vwirild irrfieats of she pioisiafly spiiceel m 

3S fofTSHjJ. 

PCBR£SULTS.FORA«PLiF!GATK)NCrTSMp:mAnmmHieELLSAN!DRATPITUiTARy HHA 

To de!efrT8f>8 v««6!lher «s!iS fmriiftaaiy .ssmihasfee TSi^::R^f A, cDNA trom ia«ransf scted GH, ceits ;3r= sveii as 
*> cp^iA!f0^nr#!S!tu.iary;9l Tf«jsor(»C', 247 &pt>ai-,cs indicativo 

of the (xosenoB of TSi^ rriRNA was sSsftSs Irt ths fSOSjiSWi cwitpo! pf ths rsj pitoitaty gtoa sampis but no bsntJ was 

tf^ANSfECTiON RESULTS: 

AS 

the rtiiffiber bt iS4i8 resistkvtcotooifts prsssfit on thftlOpm ^ShB* ww ft tabuljitsd b8t«r««ri 14 antJi 1 dayg SiWar 
atSditiSii 68 a4i;a?ts>'!h«i rrtoia. 





Cc^fjles psr iO cffiJtiart ] 










Apai cut 


AatSeui 1 


Gatoitifn phospnais 1 


4B 


13 


29 i 


eateiam pr^osphate S 




21 


SS \ 


Elaotti^amtiof! 1 




129$ 


415 






10S1 
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""f P'^PS^ «wt!i6eteG to PGR smgSIRpBfior,. T?,e:nuf«b6t« ^fee catoniss prooucte TSi-« 

scr^.«c) cor^^insd ,0 and 70 ^omm^ tm^^^^mm pcoi psr i«.ns!.e!,nrf^s 

;° n"^*^ 'rfS^^S wWh TSHjS Sflrt* fe*nsori«i«, was sfiti^t^! 



piasmici 


G418 ts^slariE coferffeis 


TSH-i RNA posiSve i 


pRSVGATMtO 


SO 


0 i 


pRSVGATKEOTSHBS-SXBA? (AaiS ciig&stesi) 


4S42 


3 i 






s 1 



niese results <3wnon«»te she sooeesfSfai act«,atk>n at she wrmafly toschpltofisiiS! silsrit TSMB asrw by the 

tte nor;,t,er a C0!«r»es ihai 3,e G41S r^WW-^prnxiTOiely one oulp^ e<5to„jesj. f,!^ 

result « generafcy cwsisteni with rates .-eiSateci oEhsr tomoic^ous fBasmbSMfiOrt^e^ Xftogier 
iamllSCSMLsnlgxixgs^^^ Mgrjaar stockjen P,ess. fiiw York, MV (1 983), pp, S6 . SO*. It has t^n 

gene.^Hy 0Dserv«i that th,, homologous fecornbirtaiion rats see^ 

terS£.tsd:g^-,*,fv,.Fro?wmandG Martin. CgB, 56:145 <l969J: §. L Manaour«>«t Matat«: 3aM«./1.«>y.i..:^iW 

lor tstyJam mutation (um.ins «> tne TSH8 gsna. 

To ensure that the resate for aaeh colsjrsy pooi wars f6pr<Miusibig and that the at:tivation:t^:aWA iftshiscrtotiori was 
stabis, cowy poois p.^BviC!usiy fwstt awsy cwr«8pgnt»f^ to pools :<n(^ tested poaltiWB, in eia first ser^sning srofs 
lhawecianc expanded in culture. The 'teshiv th«w»ci GHjposKlvspocIs were seeiJedifl tag tissuscuH^^ 
expancad onsi ths ceils raached 70% to W% eortluencn. 80.000 Mite wem ifienfplaist} « »iW»ffl«.ftom seen 
!!asK and gfoCTi unlii thiiy were SCi% to 7a% confiuefii. RMA was sxlracieii from theoeSts, convsrteri •nio e&NA esid: 
scfssriso we aasKt lor the f>res«nc« «f TSHp RNA by running jO «i o! «acn PGR rsaeiMn on s 6%:poiy3etviairtcte 
gel F.9U« 15 ihows ms resijits of r«pre«wtetiv8 PGR reactions frorr. if.e ss>oond «(»'«9flli18a«^viMit^en'a'p»y<^ 
f(cryar^9eJbyemklii«biWfl«8s!ainin9andfluor6sce(»e.l^ »ra3<«»«a«-a*f^-*iai^nrttit*b^fi^ 
"'"''^ '''''' pPSSVCATNEO pRSVCArNEO rarsains no regions ol homology to 

FSHp and thus is not cafM&ie 01 aaivating tne T3H?. g«ne by honxstogow! recomainatiefi. As can be. saen *t the gef 
in figyre there are no Da.«fc corrssponcSne » 247 bp jr, those isnes. »xiiG»ting that the TSH5:gsn« is: noi aotivatsd 
Une 6 also contains a nogsdive control. In that lane three »oc«s wero conDbmad from samples ot OHi cePs whigh had 
bsan transfe;i«J witM ■jRS^/C..4rMeQTSH83-$Xbai (Apaj cut) but wrtich vveo nsgativs for transcrtotte of ihs TSj-ig 
gene m.ttw tm scrsenuig The ai5sei;eB:fiS: ai«.^4r bp Jragmont in lane S dsmooairatas that th« prsswr-e p< she 
irstislscted pRSVCATf^iiOTSHBa-SXbai (Afsj! emj piasrwd sntegratsd faniJomiy :n tne sensw is not <:apabia .d« or?. : 
dueing th« 247 bp TSff PCR luagmsm. Unes ?, S, 9. and to IncliKte POR r«aclions rue. on cDNA (riadft item Kstal 
RMA Rsfvssted from rst pftuRaty glands in cusntilifjs per fojction of 2S rianograms. 100 na5ogr3!t», aOQ nijnogfism.s 
and 400 fianiwii-rta, rfispeetivaiy. Tfies pfOsBnce so -hass ianss c! the ejjpacted 24? band. OfcritiCsd trcro eDHA : 
prepared (rem a rat tissus wfti* nomtalfy <«pressss TSHiJ. showed tiisi the PGR reaction conStiCxw w*l«.eamK^ 
cS'liOT^SKi arid mat »■« PGR iJsna aO^snstj m ianes 4 and 5 contaninsj the homoioaous rscofnWnatton TSHJJ poSilws 
(a.Of ms corrsc; s&a Two pools ttanstscted vytlii pRSVCATl«OTSI«S-6)«»! (Apsl cut) -Atiich were positive in' the 
iirsvisweentng, AiDs!-'.07 in iar.o 4 and Apai-136 m tens S onie ^jfiain tested positive to.' TSHfi oena acivaSicn as 
cJarnciriStraied by aTS presence ot the cofreoi TSt# PGR band amsiiiiad from cDNA rtads from it>e tots: RNA ews'-'ts 
from Ihosftpa^is Bros*9 !»!rsni5Crpt:on cf TSHji gsne has boon stately aotivafsd. TUb presenoe of sand? at ?47 h'j 
in &nss 4 an^.S eontsfning RNA Itpm prsvious posilivss Apal-iO? and rXpsl-tSe and the absence of Sis.x's in the 
ftfltfStlva-eonrft* m pSSVCATi^EO uanstsctsd QHj cell* r tanas 1 - 3 snd the ofiSVCAT NEOTSHSS-SXBat (Apai 
cut) negatives iri iaits I demonstr^tsd thai the production of TSHp RMA in a call tine that doss not popnaity pcaducs 
that RNA hais Ssen »lab^ tiimedort by homologous reo<:i'n!3inatiofi 

The present irtwaiitloh i^.tifti«.e«(tothe celi line tliat is rjsscriued herain. All celt tmes have oensiie InJomation 
fWffnaay silerit or inari; Mc^t:are:abte !c>sxpfe8s wily- cenairi g^nas. However, a riomiaiiy ttansoriptwalttf 
skisrst m itwrt sw» bf any sadi oell liftijcanbe asttvalecifo eirarsss ttre gsns product in aecfjfdancs *tit^< p">sefr, 
lnvef4ii3rt.5^San.y:ae()eo< the .geni3fne may ttay8.:)tfe s'^resaipn chatacisnsiics modified in acco.'dsnw with the present 
iriwitian,::EV9n pr^toualir tfanafowiaB ceil Imaa pan ba used as iong a$ th» orsvious !ransfor»«iion did not d!«"pt 
{he 3ene<!^?iiMf:9St.tba^nje;oi:me{W^^ pri^tierv- con^naous 

or itnnwtal CX-mm. it isassiraWs tHi« arty ssjoh belt fee testable and ifwncsiai m that afisr t.'^tn^m w<th the 
tecMrfiiSje m ^«!<S!dsnce with the prsseirit Srtwention, easpresste^ bBiconsmefCBfesd, Ctersed mssirtsofpnietna 
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whethsf piotefyciic or «tjk;5rypiic, nray steo be trsatsti by Shs ;-:<hniQue c: s^is pfasefit .inveniion 

Whits file pfss^nl inveffliOft has tiaen preferafciy tsescitosa with /sspsc! to th» *xpr«S8»n ai s ratrnaiiy traneftrip- 
iionaily siien', or .-asil gens , the Wchreque of ths praser.t 'nverKisr. is aiso app.! i03 b ie <o tfie mo.«cs!!Ort <»' th* axprsssion 
charscterisics of a gane which is naiuraliy expresssfl in ihs tKuA e«a (ifie. Fo- exarrtpie, if if is desired to render the 

s axprsssion of a gsne tjepsndBrst tipofi culfure concJifiofis or ;ha iih:s so thsf axpfsssiofi em bs fumeri cjn and off as wtii; 
an appropriate BHA regotafory s^grrisrit^ such as a rsguiaiabia srorriOiar csn be inserted -mct^ mparts such charac- 
teristics, SLich as rsprsasibiiity or ineiacifjiifiy oxampw, ii i-, is movir, ]ha\ ffie cefi type containt nnoieaf sferofi) 
receptors, sucfi as ssstrcgsn, iesfoitssrohe or giucooorttcoid, c;f ibyroxin !ec-3p!crs. iaie coutd us« ths steroid or tfsyrojfiri 
respotts® elfimarits as region F. Such a response eisme!i; is a-iy DN.A which Btnds such receptor w Qiitit a positive 

,fp response reiafive to iranscripticai. ETi/en if a cei; is not n.3tU:-3!!y riiSpan,sivs to giucocwtiKOids. for (5)a<T!p!e, a pises af 
0?JA wfiicii ensodss tits giucocoriicoiC feeepiCf couid bs addaa to -m tsnstrjct. ot otherwise insertuc! somgwJisrs in 
ihs gerioms. iso as tc rtiakte ffse csii .-eaponsive to oivGoccrib^iCs. The us-; ci a juiaiaisis prorr:otereoiiic3 be desfrsSta 
sSffieffier dj no! (he qsns inserssi i£ nornwSy ttanserptionaliy sfeenl e»hsf toncts of r^gaiatiori can aiso oijtaif isci 
by !3fgsSng the spptopfiate DhSA^r^^ 

.f? presenl iaventbti. 

Thus, while stirriuiatioh oi expressiori of ncfmsliy trsrtscriptioti.^St)' Sii.-r.; gsriss is !he prsisffsd application cf the 
present Inventtor!, in its ijtaadesi sense if is appiioabis to shs mijfjffiGaT.scn expression characleriatics oi any pan? 
6fsdotj9tious to tife 'Kjst cei! 'ins 

The specific iBCttntqus oi ttaiTiaicgous rscc;rr'b;rs;ion is not, per a nove) part of site pi esprit ifiverstion. Such 
:tectinigue5.a«;fci»v*i^: ihis ..3ri iwil lincteistarsi titat any such teohr.icius can be ussd fei tiia 

pifsser^t iwsniiffli as iOitg ss it porrriiis fargaSmg oi the DNA regulatory sequence to the desired location with respect 
1S> fhe gans (rf (ilteresf, Wftiie a proforred tschniqiie is tfiscfoseci. iisstg a iiriEjarix&d construct wittt two iioincjiogoiis 
!S9toi»,on:88^af ,®lC! oJ th«( sequel to be inserted, arty other Sechnique which v,'ili sccortipitsh tills ■'Jrtction. as. for 
exan^je;by MingcircoSgr warsfrtji:^ Wenchselto oe somprEhanded by the prssanS invention. Tfis critical taaltsm 

* c* tie pfgsenf mvwfw Nw.ifse fscornbinstion tecfinisjues to vmtm a DMA fftgu&tay sequence vshxit 

catises moditoSisn 6f e>iS3r«ssion iSiaracteflssies iri tits ces Ijrse ot micrcoFgahism doing usad. oper-ativsiy iiniiscf with 
s-aeno.iB l^.{|^n^ni» efi^^ e«K.8n^.]w«to(|BM^on« wtiiiAi ^n<3Rna8y't«o$a'i|»lc«iatl^ siierti, oftoitissrt ar> arrptifiatj* 
ssqatejesi vyi(h«Krt ;a.f«0«)at<s(y sei^en^^ isifSiofBraiy Rear a gene in tits genome o! tf^e cell Sna i^t'ich isiieaav ir;i«- 
BetibeB Bs ito ciBiissa antplHteaSitii oil stt* gsrie tipon amplifi^ (tte aff^lifiaBis c-s-auence it is noi absfjtuigiy 

m hBoessary llia} a asSecta&le irafl^^^ ijaied sdsiy on detMiion of the gsno proriijct 

of iafefiasi » jjiRNAS ifi ihetriedaor eefe iblfeiwing ii*se!ljoh allt^&QHA costsirvtci Futlhsirrsors, itt the embodirrtertt 
in viitiich a regulstcty soQusfsiS iebelrig ifiiwrtsii, iifi^pfificatiori. v»hife (issSred :iS noJc^itiissii tor opfrsbjlisy. Tfie aa-Wse 
ie friiB for ths nsgative ssiectkiih genis viSiiifi fifiiake but isitic^ dfitical ta.-^tfie supoess pf 

the iftyehttofi. T«i(s, ths basic iBftisboSmism r^iR^^ I'sguiajoiy esgnifeht ef Sia awtpl^ 

ssgtweftt in the speisfe p^srSidri tSesifetf; Hs%«v&t, Bis acielSioh of poBitive atidfat negati*© si^eetabie rtistKer gan»s 
tor yas In Sie WscScsi tecftniqMe is pr^iesirsd -as is Ihe :2K3cSS«m isff ian siTijJlSialsSei gWiB In the ^J)citjl:»e(jt in vrftieh a 

Ttte iisrrp ''triacSfioaiicm bfexpfes^oit" as ^ 
a& axclusiing tasTitistatiqn SJE axpiesi^lan by Insefliiia by tipmoipgotw fswtiiisiwtienf a mUiasiisn, <3^9)im, stop <»dtof!i ct 

<w osfisf rjup(?«i<Ss s^quefwe, teBtfe^ ar>^t>t»a jjens. inbtits^ §«t«crf imsre^ soas to sravent toproaW oj iftlerw^^^ 
from boirtg sxprss^ed. th^ prior art tsaehas ttv^ t^i^ d fei»tiofogi3|;is teftijfi^irtaiksn iq men spsaific rnutaSats {stisi ms 
ewwssionofaceHprtxSuetm^haviBt^^ SjohwartSJSfg 
St si, PHt^ JUSA), B?:32iO-gi514 (1 s|c>». The piwsen) it>»?ffti<>fi is i^nt'btervcjad 1f> stispttipiass siicti a p-cKisiiure. in: 
aia jweseiiit irivenjiori; thie •iiiwdification' of *xpfBssi6h* is :^0h^!feh9Si fe^^ rneans of iniseisUrtgfegulatQEy aneUx aiTtfjii-' 
tasim wspons at a spsisiffft.iiSissiirscf )ci£ati6rt .by riTSartis ti hsmdog^ iwjornbinalidfi. tfie prefarfed iTKsdSip^titjns are 
tiieaaj wihiih ^stiy^ atiisiftjf etiliiiiiriee &tpfessl6iri of the pfio*!^ WiH«stv 

Wttef*i?et the pres^nf apsfCffKSfliori i»BBtho pHira^ifiia a DNA lisguiateify '^fafSwiy iifiisd vnth" a 

5jwe, sfi^.lBnrJWjfoEftr is irtteiit's^ QM- rBgiUi^Rvy sji^iSiterit is so di5iP0Se.et v/jJh fsspect to me gdrte 

of intsdsst tftiai itratiscrijjlion d sui* . gaiS: Is isigiasteef by; Siat DMA pagtttetory -aagiYiiSrtj:: This j^s^latory sagt«eni it 

sa pr^er^iy uf^t(sa!« of the gsne; bat miay fee sjawrMSftsrtt or within ths gene, p0iiise^ thai it opotat^ jo reguiaf& 
expfiwslw <^ thsgfine in awtftt^^^ 
sslanesif, sttsnwater; or Sk»: or ssny isyrtiijinatipa fhereof; 

WfisfimiBiithe tstm^ "tipsitrsaim'' bf 'c^(y»f^att8am^ we wasd !rt;l^ andiOfsims, mfe lis jtsfetiefaS 

foimsn ifi the 5'sSfefcacn CT*^ 3'-cii«c«d(j, fsepsatiiwts^ fst^s tosheeoeiisg sttanc! oif tfie gesftaof Wierest 

4® Tha tafsgciWs sWseffptiOfi oif thit Bpatafife anibitiifin^ls sb iti^lfy reveafe (he: geneiai.natiifie the tnwemjofi: that 
oth er s can readity modify afsdW aiSapt stitS) spfefc eitttxxisiirisnjslfor vaffogs !s^piieation& wiifwij! dftparsihg iVom the 
eeneric ocstOBij!, Any su* adapteStorss a-id fiwiaiSeiatiOftsafa ifiieritfetS to meaning and range 

of 6qi4fy«tents ptths tSscfeasd §fN5^ 



is 



hsrain are lot (he purpose of ds£cr?>t!i»i mo m oi toSat!<»v 



^ten. gsr,e opsrmtvsiy iinkedfhsmfo, tNiWA rsgwisisty SagiTwmv^snsoSnked^ 

k^Mion .ne genorne. as whkS, mwaf tocaton itisci^^^ cH a g8=» p:,^ RCSrmsSlyw- 

p.essga by s3Kj ee!! line, and . . . s«v. 

a !»iA igrgatiRg^grneni ho«^D9«is to at, umr^slaed «|fici spwife regio,, st tfta ganome Of proximal 

2. A DNA c««»rucr syiiaCfa for uss in trxxjifying»W>ii«).wrtpo«fe<asi)^^ «aa««a««< 

a DMA rsoi,f3toy segrnsf^t .apabi<. ^^ci,vaUnet.e.a{pf«»Bn.or Mc* pf9S*i«)^ opewfeeK, 
which natur^ tacHiw li sctwafflg ths e!fpressi<si » gerte jsrsdvici ncrtRsii^ S)!pr85ssd fei^ w!d eali 

■aONAtargeflri»«ijpw«^hem^ 

to the preseisasstf gsne within (he hosi ce« line. 

3, A DfW cor,sm«( ciairnsd dam 1 art mdn<mm^mmf^^^ 
prsaeiscisd gsns, 

5. The use of a QNA GweUuc! as ciaiaiesi r, ciaim l, of srfaim S or 4 wfiaa dSpentJent on daim 1 ii aefivatins tila^ 
expfs««lt!rnj( a pfftsatoeJ^TOrrnaBy trartaerlptionasty siient gone fri aprodS^rmii^ wtesry<ofe host eajt m< 

6. Tha use Of 3 ONA TOnssrucl se stored <r. cia.rn 2, cte.r 3 or 4 wf.e„ dsp«nceni on siaim 2,.)r. rrosjifying the 
sxprssBtoft chatacieristjcs of a pressiecied geins irs s pr adaisinrined etikstyoiic eeu tins. 
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